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EXECUTIVE SUWIARY

CHEMICAL SEWER - NORTH PLANTS

The North Plants chemical sewer is located within the North Plants

manufacturing complex in Section 25 and the northern half of Section 36 on the

Rocky Mountain Arsenal. At the present time, the North Plants chemical sewer

system is inactive. The sewer system collected process wastewater from

various buildings and conveyed it to a sump, Building 1727, where it was

neutralized with caustic and then initially pumped to Basin A and later to

Basin F through the chemical sewer line. Locations along the chemical sewer

were investigated under Task 10 during the fall of 1986. A total of 8 borings

were drilled to depths ranging from 5.5 to 6.7 feet, yielding 6 samples for

chemical analysis and 2 samples for physical analysis.

The following target analytes were detected within or above their indicator

levels in borings directly beneath the sewer line: diisopropylmethyl

phosphonate, cadmium, zinc, and mercury. Diisopropylmethyl phosphonate was

detected in one boring. Cadmium and zinc were detected together in one sample

but at concentrations consistent with the natural levels in the soils being

analyzed. Mercury was detected above its indicator range in three borings.

Five nontarget compounds were tentatively identified in three borings. These

compounds were present at relatively low concentrations in soils directly

beneath the sewer line.

Follow-on work may be needed as determined by the Feasibility Study to more

precisely define the extent of contamination associated with the North Plants

chemical sewer. If this work is done, !t will be completed as part of the

conceptual or detailed design phase of remedial action for the sewer and will

consist of 4 borings yielding a maximum of 18 samples.

Based on historic data and information obtained to date, the estimated volume

of potentially contaminated soil along the chemical sewer line in the North

Plants area is 140,000 cubic yards.



CONTAMINATION ASRESSMENT REPORT

CHEMICAL SEWER - NORTH PLANTS

1.0 PHYSICAL SETTING

1.1 LOCATION AND DESCRIPTION

The North Plants chemical sewer is located within the North Plants complex in

Section 25 and the northern half of Section 36 on the Rocky Mountain Arsenal

(RMA). At present, the North Plants chemical sewer system is inactive. In

Section 25, the chemical sewer system is composed of a cast iron pipe (CIP)

collection network that transported chemical waste from the Army facilities

to an 80,000 gallon sump, Building 1727, where the wastes were neutralized

with caustic (Way, 1985). From Building 1727, neutralized waste was pumped

south to Manhole 5-4 in Section 36 through pressurized CIP and steel lines.

A vitrified clay pipe (VCP) sewer line that extended from Manhole 5-4 west to

Manhole 1-4 conveyed waste by gravity to the chemical sewer interceptor line

and then to Basin F. The chemical sewer interceptor line and the VCP line

west of Manhole 5-1 were removed by the Army in 1982 (RMACCPMT, 1984/RIC

84034R01). The North Plants chemical sewer now terminates at Manhole 5-1 in

Section 36. A general map that shows the location of the North Plants

chemical sewer system is presented in Figure CS-NP-1. A detailed layout of

the North Plants chemical sewer is shown in Plate CS-NP-i.

The North Plants chemical sewer system presently includes approximately 8,900

feet (ft) of 1 inch to 6 inch CIP, 4,100 ft of 12 inch steel pipe, and 2,000

ft of 8 inch VCP (COE, 1957; COE, 1984). Four manholes constructed of brick

and mortar are located on the VCP portion of the sewer line. Manhole

materials were verified during field operations. A schematic of a typical

manhole, including the rim, corbel, apron, channel, and walls, is presented

in Figure CS-NP-2. Buildings and facilities in the North Plants area that

are connected to the chemical sewer system are listed in Table CS-NP-i.

Site CS-NP
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Table CS-NP-1
North Plants Area Buildings

Connected to the Chemical Sewer
Page 1 of 2

Building Building Description and Use

1402 Tank Farm containing 24 above-ground tanks on concrete supports.
Tanks stored methylphosphonic dichloride (dichloro), which was used
in GB* production.

1403 Tank Farm containing 14 above-ground tanks on concrete supports.
Tanks stored fuel oil for incinerators and boilers. In addition,
Buildings 1404, 1405, 1502, 1507, and 1508 are part of Tank Farm
1403.

1404 One 18,000 gallon tank used to store carbon tetrachloride (used as
a wash solution for equipment).

1405 Two 18,000 gallon tanks used to store or neutralize (with caustic)
hydrochloric acid.

1501 GB manufacturing and demilitarization.

1502 Six 18,000 gallon tanks used to store isopropyl alcohol.

1503 Caustic air stack scrubber building with sump.

1506 Ten 10,000 gallon underground bulk GB agent storage tanks.

1507 One 18,000 gallon tank used to store methyl alcohol.

1508 One 10,000 gallon tank used to store tributylamine (stabilizer).

1509 Isopropanol dehydration unit.

1601 GB munition filling plant, bomb shell degreas!ng, and
demilitarization; demilitarization of phosgene-filled munitions.
Houses instrument laboratory.

1601A GB ton container unloading facility.

1603 Underground plant air stack scrubber.

1606 GB munition building and demilitarization; microgravel mines
production.

GB - an organophosphorous nerve agent

4
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Table CS-NP-i (Continued)
Page 2 of 2

Building Building Description and Use

1703 Warehouse and maintenance building. Used for demilitarization
and salt drying; dried brine from 80,000 gallon waste sump,
Building 1727.

1704 Compressed air plant.

1727 80,000 gallon industrial waste sump that received all chemical
waste from North Plants operations.

!5
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1.2 GEOLOGY

The uppermost stratigraphic units beneath the North Plants chemical sewer

system are Quaternary alluvium and the Denver Formation (May, 1982/RIC

82295R01). Task 42 Phase I borings and existing monitoring wells in Section

25 show that the alluvial thickness ranges from 3 ft in Wells 25034 and 25036

to 48.5 ft in Well 25023 (not shown on plates) located approximately 1,700 ft

west of Well 25021. A bedrock high covered by less than 3 ft of alluvium

forms a hillside on the western side of the North Plants area. Locally the

bedrock is exposed in ditches. Coarser sands are generally present at the

base of the alluvium in the North Plants area, grading upward into silty

sands, then to silty sand with clay, and finally to clayey sand with silt. In

Section 36, the alluvium in the vicinity of the chemical sewer has a thickness

ranging from 17.5 ft (Well 36122, not shown on plates, located approximately

1,100 ft south-southeast of Well 25038) to 33 ft (Well 36081) and is composed

primarily of silty sand and sand with lesser clay. Figure CS-NP-3 shows a

typical alluvial profile in the vicinity of the chemical sewer in Section 36

(Well 36090).

The underlying Denver Formation bedrock is composed of claystone, sandy

claystone, and sandstone with lesser lignite. The Denver Formation was

penetrated by a deep disposal well in Section 26, in which the formation has

been interpreted to have a thickness of 250 to 300 ft. A detailed description

of the Denver Formation is found in a study by May (1982/RIC 82295R01).

1.3 HYDROLOGY

Surface elevation in the vicinity of the chemical sewer varies from a high of

approximately 5,230 ft above mean sea level (msl) in the southwestern corner,

to a low of approximately 5,200 ft msl in the northeastern corner. Along the

southern portion of the chemical sewer line, which carried waste toward Basin

A, the surface elevation varies from approximately 5,225 ft msl to 5,250 ft

msl.

Surface water in the vicinity of the North Plants chemical sewer generally

flows north and east toward First Creek. Run-off in the North Plants complex,

and from the portion of the line from the complex to Manhole 5-4, flows

Site CS-NP
0069U/0109A
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northeast to First Creek. Surface water from the western portion of the line,

which includes Manholes 5-1 to 5-3, flows south and then west to ditches

draining into Basin B and Sand Creek Lateral (Plate CS-NP-2). Surface water

samples were taken from First Creek, east of the North Plants complex and no

analytes were detected (ESE, 1986b/RIC 86317R01).

In the vicinity of the North Plants chemical sewer, alluvial groundwater

generally flows to the north-northeast (Plate CS-NP-3). In the northern

portion of Section 36, groundwater flows in several directions. A major

component of flow is channelled to the northwest, through Basin A Neck, an

alluvial-filled bedrock paleochannel located in the northeastern corner of

Section 35 and the northwestern corner of Section 36. The alluvium on either

side of this channel is unsaturated. Lesser components of groundwater flow in

this area are to the north and northeast. Borings drilled under ongoing

Task 42 (Ebasco, 1987a/RIC 87336R01) show that the depth to groundwater

beneath the central part of North Plants ranges from approximately 48 ft below

the ground surface (5,170.7 ft mel) in Boring 6B on the northwestern side of

the complex to approximately 18.5 ft (5,180.8 ft msl) in Boring 42 on the

southeastern side. Depth to groundwater in Well 36090, which is within 100 ft

of sampled trenches as part of the Task 10 activities (shown on Plate

CS-NP-I), was measured at 5,230 ft mol in March 1986 (ESE, 1986b/RIC

86317R01). The elevation is approximately 14 ft below the level of the pipe

in Trench MKE 11, and 21 ft below the pipe in Trench MKE 22.

Groundwater quality samples collected in January 1986 from upgradient Well

36082 contained iso4,An., dichlorodiphenyltrichloroethane, diisopropylmethyl

phosphonate, 1,4-oxathiane, 1,4-dithiane, p-chlorophenylmethyl sulfide,

p-chlorophenylmethyl sulf one, p-thlorophenylmethyl sulf oxide, m-xylene,

chloroform, 1,2-dichloroethane, and trichloroethylene (ESE, 1986b/RIC

86317R01). Historic groundwater data collected between 1976 and 1986

"(USATHAMA, 1976-1986) show that downgradient of the North Plants complex,

dimethylmethyl phosphonate was detected in Wells 24081, 24084, 24085, 25018,

and 25019, chloroform in Well 24081, carbon tetrachloriet in Well 24081,

dibromochloropropane in Wells 24124 and 24083, organochlorine pesticides in

8
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Well 24124, and p-chlorophenylmethyl sulfide, - sulfoxide, and - sulfone in

Well 24124.

Because these compounds are representative of the class of chemicals typically

used in the manufacturing and demilitarization operations at North Plants and

of those chemicals disposed in Basin A and other disposal sites in Section 36,

the presence of these compounds in the groundwater downgradient of North

Plants does not indicate that the sewer line is contributing to groundwater

contamination. Pesticide-related compounds probably are not related to North

Plants operations.

2.0 JISIX
Information on the history of the North Plants chemical sewer was gathered

through a search of the literature and of the Shell I, Shell II, and Juris

computer databases. Aerial photographs were not reviewed because this is a

buried system.

The North Plants complex was designed and constructed by the Army from 1950 to

1952 for the manufacturing of the nerve agent isopropylmethane-fluoro-

phosphonate, called sarin (GB); filling GB munitions; assembly of cluster

bombs; and storage of GB, feedstock chemicals, and munitions. Later, the GB

facility was used for the following:

o Phosgene demilitarization from 1965 to 1967 (MF RSA015 F 1959,

1975-1977; HF RMA067 F 0636);

o Microgravel mine production from 1967 to 1968 (MF RSAO01 F 1944-45);

0 M-34 cluster demilitarization from October 1973 to November 1976 (MF

RMA100 F 0485, 0488, and 0542);

o Demilitarization of GB stored in underground tanks from September

1974 to November 1974 (HF RMA106 F 2292-97; HF RHA003 F 1330);

9
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o Demilitarization of GB stored in ton containers from March 1975 to

February 1976 (MF RNA106 F 2292-97);

o Honest John demilitarization from October 1976 to November 1976 (MF

RMA106 F 2292-97);

o Pilot test program for demilitarization of chemical agent

identification sets (CAIS) from September 1977 and October 1978 to

December 1979 (MF RHA028 F 0502; MF RMA034 F 0720);

o Demilitarization of chemical agent identification sets (CAIS) from

May 1981 to December 1982 (MF RMA116 F 0810);

0 Demilitarization of DDT-contaminated small arms munitions from

January 1983 to June 1983 (MF RMA030 F 0793; MF RIA037 F 0209-0210);

0 Demilitarization of adamsite (DM) from June 1983 to June 1984 (MF

RHA153 F 1935; MF RMAl17 F 1298).

The North Plants chemical sewer consists of three major parts; a cast iron

collection network, a contaminated waste sump (Building 1727), and chemical

sewer trunk lines from the sump to disposal basins.

The cast iron collection network was built by the Army in 1952 as part of the

original complex. This network collects waste from the GB processing,

filling, and demilitarizing facilities, and from the raw material tank farms.

In 1971 the cast iron lines from Building 1501 and the Building 1503 sump to

Building 1727 were replaced with glass lined pipe (DOA, 1971).

The chemical waste sump, Building 1727, was also built by the Army in 1952 and

was the point of discharge for the cast iron collection system (Vitro, 1951;

COE, 1957). Caustic solution and water were added to the sump to neutralize

potential Army agent contamination (Barbieri, 1987). From 1952 to 1973

neutralized waste was pumped from the sump to disposal Basins A or F. During

demilitarization operations from 1973 to 1976, sump wastes were tested to

10
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certify that they were not contaminated by nerve agents before they were

pumped to Basin F. Chemical wastes were pumped to Building 1703 to be spray

dried into salts (Watson, 1974; Mack, 1985). The salts were drummed and later

taken to an EPA-approved site in Utah (DeCet, 1987). After 1976, all wastes

collected in the sump were disposed through the Building 1703 spray dryers

(Mack, 1985). In 1982, wastewater of unknown composition was hauled from the

South Plants manufacturing complex to Building 1727 (Heim, 1985).

Two pressurized discharge lines transported the neutralized waste from

Building 1727 to the disposal basins. Initially the sump was equipped with a

6 inch cast iron pipe, which discharged waste into the unlined disposal pond,

Basin A in Section 36 (USAEHA, 1965). In 1956, an asphalt-lined pond (Basin

F) was constructed in Section 26 and a chemical interceptor line was installed

from South Plants to Basin F (RHA 1975/RIC 81320R05). The North Plants

chemical sewer in Section 36 was joined to the chemical sewer interceptor line

ir Section 35 at Manhole 1-4 by an 8 inch VCP line and four manholes, 5-1 to

5-4. Manhole 5-4 is located at the discharge end of the 6 inch CIP from North

Plants. Sometime between 1953 and 1961, a 12 inch steel discharge line was

installed to connect the sump, Building 1727, to Manhole 5-4 (Vitro, 1951).

In 1982, the chemical interceptor line between South Plants and Basin F was

removed, including a portion of the North Plants chemical sewer downstream of

Manhole 5-1 (RMACCPMT, 1984/RIC 84034R01).

3.0 FIELD INVESTIGATION

3.1 PREVIOUS INVESTIGATIONS

Two soil types are found in the vicinity of the North Plants chemical sewer

system (USDA, 1974/RIC 81266R54). Soils in the western side of North Plants

and the southwestern portion of Section 24 are of the Platner-Ulm-Renohill

Association, which consists of well drained, loamy soils that formed on

uplands in alluvium on interbedded shale and sandstone. To the east and north

of this area, along First Creek, soils are of the Alluvial Land Association.

This association consists of nearly level poorly drained to well drained loamy

and sandy soils that formed in stream and river deposits. There were no soil

contamination studies conducted in the area of the North Plants sanitary sewer

prior to the current study. Soil contamination of the entire North Plants

Site CS-NP
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complex was addressed by the Task 42 investigations (Ebasco, 1987a).

Although there have been no previous studies of soils in the North Plants

area, there have been studies specific to the condition and operation of the

chemical sever system. A study was initiated in 1955 to determine the most

economical method of reducing the possibility of groundwater contamination

from chemical wastes generated at RMA (Parsons, 1955). As part of this study,

waste stream sources and volumes were determined for different areas on RMA.

An instantaneous water use of 850 gpm was measured during a peak operating

period in June, 1955 in the North Plants area (referred to as "Chemical Corps

Plant No. 1"). The brines discharged from the scrubbers were kept dilute

(about 5 percent by weight) to avoid plugging the scrubbers. It was expected

that the scrubbers alone would generate a stream of about 300 gpm.

In 1960, a study was undertaken to investigate sources of waste generated at

RMA, the volume of flow to Basin F, and the composition of the waste (USAEHL,

1960). It was found that during normal operations, the primary waste stream

from the North Plants manufacturing complex averaged about 100 gallons per

minute (gpm). Fifty gpm came from manufacturing, 25 gpm came from

shell-filling operations, and 25 gpm came from operation of charcoal filter

scrubbers and maintenance shops. The manufacturing waste streams consisted

primarily of caustic (sodium hydroxide), with 15 percent sodium chloride,

dichlor, alcohol, hydrogen fluoride, and possibly GB by-prrducts.

Another study was undertaken in 1965 to determine the physical and chemical

characteristics of liquid wastes entering the industrial waste disposal system

at RMA (USAEHA, 1965). During the study no manufacturing was being done in

the North Plants complex, but GB was being redistilled and munitions were

being filled with GB and VX, a nerve agent, there. The wastes generated were

primarily hydrolysis products of the chemical agents, caustic solution, and

washdown water. The total average waste flow was approximately 3 gpm. It was

also noted that off-standard batches of agent were neutralized with chlorine

and caustic before going to Building 1727. This sump (1727) was investigated

under Task 30 by Environmental Science and Engineering (ESE).
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The integrity of the chemical waste interceptor line feeding into Basin F was

questioned in a 1975 report (RMA, 1975/RIC 81320R05). In 1976, an attempt was

made to generate a rough flow balance of the contaminated waste system at RMA

to determine if flow was being lost on the way to Basin F (RMA, 1976/RIC

81339R21). In the North Plants area, operations were far below design

capacity and pumping to Basin F was only being done on an "as required"

basis. Pumping operations were determined by the level of liquid in the

contaminated sump, Building 1727, and were controlled by boilerhouse

personnel. Data collected show that the pumps were run about every other day

for 5 hours. The study found evidence of infiltration into the chemical sewer

system when flow was detected at the farthest downstream metering station at a

time when the pumps in the contaminated sump were not opeiating. Recent rains

were believed to have produced the infiltration.

Potential soil and groundwater contamination at the North Plants complex is

currently being investigated under Task 42 (Ebasco, 1987a).

Shell Oil Company, through their consultant Morrison-Knudsen Engineers, Inc.

(MIKE), conducted investigations of the sewers at RMA prior to the PM-RMA

studies. As part of their study, MKE excavated two trenches, 11 and 22, along

the VCP portion of the chemical sewer in Section 36 just south of North

Plants. A schematic drawing showing the boring grid used during the drilling

program is presented in Figure CS-NP-L and the trench locations are presented

on Plate CS-NP-l. The analytical results are described briefly below and are

su marized in Tables CS-NP-2 and CS-NP-3 (HRO, 1987).

Trench MICE 11

Seven samples were collected from Trench MKE 11 and were analyzed for volatile

and semivolatile organic compounds, arsenic, and mercury. Methylene chloride

was identified twice at concentrations of 2.9 and 2.2 micrograms per gram

(ug/g). Diisopropylmethyl phosphonate (DIMP) was detected in all seven of the

samples at concentrations ranging from 0.5 to 0.9 ug/g. No arsenic was

detected and mercury was found once at 0.68 ug/g in the first sample taken

from under the pipe.
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Analysis for nontarget compounds found low levels of compounds tentatively

identified as hydrocarbons, alcohols, acids, esters, amines, and phthalates,

with concentrations ranging from 0.3 to 5.6 us/g.

Trench MKE 22

Trench MKE 22 yielded eight samples from three borings, one on each side of

the pipe and one from under the pipe. Results from the volatile organic

analysis showed methylene chloride present in all eight samples at

concentrations ranging from 4.4 to 6.7 ug/g. No method blank data were

supplied, but because methylene chloride is a common laboratory solvent, its

presence at this relatively constant level in all samples may be an indication

of laboratory background. Results obtained from the semivolatile analysis

showed aldrin at a concentration of 0.64 ug/g in the sample taken from

directly under the pipe. Arsenic was detected in two samples at 2.3 and 2.5

ug/g, and no mercury was detected.

Several nontarget compounds were noted, the most common being those

tentatively identified as phthalate ester, methyl cyclohexane, hexane,

oxygen-substituted alkene and hydrocarbon, cyclohexane, propanone, and

butanone. Concentrations were generally low, less than about 2.5 ug/g. The

exceptions to this were the oxygen-substituted alkene (0.9 to 22 ug/g),

cyclohexane (9.7 ug/g), hexane (1.2 to 2.7 ug/g), 2-butanone (9.1 ug/g),

3-pentanone (2.9 ug/g), and hexamethyl-cyclotri-siloxane (3.0 ug/g).

3.2 FIELD SURVEY

3.2.1 Field.Irogr
Using the methodology presented in the Task 10 Technical Plan (Ebasco, 1987b),

the field investigation program for the North Plants chemical sewer system

consisted of a manhole reconnaissance survey, observation of MKE trenching

operations, and sample collection in MKE trenches. Hydrostatic testing of the

6 and 12 inch pressure lines originating at Building 1727 was not done at the

request of the Facilities Engineer. No geophysical clearance of the sampling

locations was conducted for safety purposes as there was no likelihood of

encountering unexploded ordnance, buried metal, or other buried objects.
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Four manholes in the system were inspected, Manholes 5-4, 5-3, 5-2, and 5-1.

These are located along the VCP portion of the pipe in Section 36. There are

no manholes along the chemical sewer in the main manufacturing area of North

Plants. Manhole 5-1 is filled with concrete. The other manholes inspected

are square vaults constructed of brick and mortar and are in good condition.

The inlet to Manhole 5-4 is the 12 inch steel force main originating in North

Plants, and the outlet is vitrified clay pipe. Both pipes are slightly above

the level of the vault floor, and there is no invert channel. Approximately

20 ft to the west of Manhole 5-4 is a manhole containing a v-notch weir, and

to the north (approximately 12 ft) is an air release valve. Manholes 5-3 and

5-2 have completely enclosed pipes running through them and contain several

inches of sediment saturated with what was assumed to be water. Results of

the manhole survey are summarized in Table CS-NP-4.

During the reconnaissance survey, Building 1727, the sump and pump station,

was also inspected. The sump was full of water and appeared to be in fair

condition, with significant deterioration of the outer portions of the

concrete. There are two lines, 6 inches and 12 inches in diameter, exiting

the pump station. The 12 inch line empties into Manhole 5-4. The terminus of

the 6 inch line is unknown, but it is assumed to have been plugged when the 12

inch line was installed.

Two trenches, numbered 11 and 22, were excavated in Section 36 by MKE. Trench

MKE 11 was located approximately 20 ft upstream of Manhole 5-2, and Trench MKE

22 was located downstream of Manhole 5-4. Each trench exposed four sections

of pipe and threc joints. The pipe consisted of 4 ft sections of vitrified

clay pipe with b.tt~iinous joint material. The exposed pipe was in generally

good condition with rare hairline cracks. Samples were collected from beneath

the exposed joints for chemical and physical analysis in each trench. The

distribution of analytes detected within or above their indicator levels and

the boring grid locations in the trenches are presented in Figures CS-NP-6a

and 6b, Section 3.2.4 of this report.
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Locations along the chemical sewer were investigated during the fall of 1986.

A total of 8 borings, yielding 6 samples for chemical analysis and 2 samples

for physical analysis, were completed along the North Plants chemical sewer

line as follows:

Depth From Depth Beneath
Ground Surface Sewer Invert

ZZ3D.I Boig o (ft) (ft) No. of Sam~ies

MKE 1 1 5.6 0.6 1
(Trench depth =5 ft) 2 6.1 1.1 1

3 5.8 0.8 1
Physical 5.5 0.5 1

MKE 22 1 6.1 1.1 1
(Trench depth -5 ft) 2 6.0 1.0 1

3 6.7 1.7 1
Physical 5.9 0.9 1

Samples for chemical analysis were analyzed by gas chromotography/mass

spectrometry (GC/MS) for semivolatile organics; by an inductively coupled

argon' plasma (ICP) screen for metals; and by separate analysis for arsenic and

mercury. Samples were not analyzed for volatile organics because the soil in

the trenches had been exposed to the atmosphere. Volatile organic compounds

could have escaped by the time the samples were collected. Appendix CS-A

presents the specific target analytes for which laboratory analyses were

conducted. A summary of the results of these analyses is presented in Table

CS-NP-5, Section 3.2.4 of this report. Physical samples were analyzed for

fluid content, density, compaction, and grain size distribution. Results from

these analyses were used to determine if the pipe and bedding material were

properly designed and installed.

3.2.2 Field Observations

In situ air monitoring was conducted during drilling operations for safety

purposes using a photoionization detector (HNU). All in situ volatile organic

readings were recorded at background levels. The results of the volatile

organic readings in the borehole at the sampled depths are presented in Table

CS-NP-6, Section 3.2.4 of this report.

An M18A2 test kit was used to monitor for the presence of chemical agents in

the borehole and samples according to standard operating procedures. The
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1I8A2 is used as a backup test if an M8 alarm is triggered, as a substitute

for an M8, and as a specific check for the presence of mustard. The Ml8A2

detects G agents, V agents, all forms of mustard, and lewisite. Specifically

at RMA, the MISA2 test kit is used to detect GB (sarin), VX, H (mustard), HD

(distilled mustard), and L (lewvsite), based upon the knowledge that these

agents were manufactured, stored, or demilitarized at the site. The detection

limit for all mustard agents is 0.5 milligrams per cubic meter (mg/m3 ); the
3

detection limit for all G agents, VX, and L, is 0.2 mg/mi

No chemical agents were detected at these locations by the M18A2 test kit. No

unexploded ordnance, buried metal, or other objects were detected during

drilling. No unusual coloring or staining of the core samples was noted.

3.2.3 Geoghysical Exploration

No geophysical exploration of these trenches was conducted by Ebasco personnel

as the trenches had already been cleared and sampled by MKE.

3.2.4 Analyte Levels and Distribution

Diisopropylmethyl phosphonate, cadmium, zinc, and mercury were detected within

or above their indicator levels along the North Plants chemical sewer in

Section 36. The number of samples containing each analyte, and the

concentration range, median, mean, standard deviation, detection limit, and

indicator range are listed in Table CS-NP-5. The results of geologic field

observations, air monitoring during sampling, and the ch-mical analysis of

each soil sample are summarized in Table CS-NP-6. A summary of results of the

geotechnical analysis of each physical sample is given in Table CS-NP-7 and in

Figures CS-NP-5a and 5b.

Indicator levels and ranges were established to assess the significance of

metal and organic analytical values. The indicator levels are the method

detection limits for organic compounds. The indicator ranges for metals

reflect the concentrations expected to occur naturally in RMA alluvial soils.

Selection of these ranges is discussed in the 3une 1986 Introduction to the

Contamination Assessment Reports (ESE, 1986a).
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Diisopropylmethyl phosphonate was detected at a concentration of 1 uglg in the

4.8 to 5.6 ft interval of Boring 1 of Trench MKE 11. Cadmium and zinc were

detected within their indicator ranges in the 5.3 to 6.0 ft interval of Boring

2 in Trench MKE 22 at 1.3 ug/g and 68 ug/g, respectively. Mercury was

detected above its indicator range in three of the aix samples collected. It

was detected in Trench MKE 11 in the 4.8 to 5.6 ft interval of Boring 1, and

in the 5.2 to 6.1 ft interval of Boring 2 at concentrations of 0.25 ug/g, and

0.63 ug/g, respectively, and in Trench MKE 22 in Boring 2 in 5.3 to 6.0 ft

interval at a concentration of 0.26 ug/g. Mercury was also detected within

its indicator range in Trench MKE 11, Boring 3 in the 4.9 to 5.8 ft interval

at a concentration of 0.058 ug/g. The distribution of these target analytes

detected within or above their indicator levels are presented in Figures

CS-NP-6a and 6b. A tabulation of all analytical data associated with this

program is presented in Appendix CS-B.

In addition, several compounds were detected by CC/MS that were not included

in the target compound list and that were not conclusively identified. Table

CS-NP-8 lists the boring number, sample interval depth, relative retention

time (shown as "unknown number" on the table), concentration, sample number,

lot, best-fit identification, and comments for these nontarget compoulds

detected in trenches along the North Plants chemical sewer. It should be

noted that an individual compound may have more than one retention time, and

also that a particular retention time may be assigned to more than one

compound. Therefore, Table CS-NP-8 provides only a genera] indication of

additional compounds that may be present.

An unknown hydrocarbon with more than 18 carbons, possibly an alcohol or an

alkene, was tentatively identified at 0.5 parts per million (ppm) in Boring 2

of Trench MKE 11 at the 5.2 to 6.1 ft interval. In Boring 3, from Trench MKE

11 in the 4.9 to 5.8 ft interval, one compound tentatively identified as a

glycol and two as propanoic acid derivatives were found at concentrations of

0.6 ppm, 0.3 ppm, and 0.5 ppm, respectively. The only other nontarget

compound noted was an unknown phthalate, which was tentatively identified at a

low concentration in Boring 1 of Trench MKE 22 in the 5.2 to 6.1 ft interval.

No nontarget volatile organic compounds were found, as these samples were only

analyzed for semivolatile organic compounds in the CC/MS analysis.
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3.2.5 Contamination Assessment

Analyses of samples collected by Ebasco from the two trenches along the North

Plants chemical sewer line, in the northern part of Section 36, revealed

concentrations of diisopropylmethyl phosphonate, cadmium, zinc, and mercury

within or above their indicator levels. Five tentatively identified nontarget

compounds of note, an alcohol (or alkene), a glycol, two propanoic acid

derivatives, and an unknown phthalate were detected in these samples.

Diisopropylmethyl phosphonate was found at a low concentration (I ug/g) in one

sample taken from beneath the sewer line in Trench MKE 11. Diisopropylmethyl

phosphonate, a by-product of GB nerve gas manufacture, was disposed in Basin A

through the North Plants chemical sewer prior to 1957, and in Basin F from

1957 to the early 1960s (Ebasco, 1988). Trench MKE 11 is located south of the

trash pits in the northern part of Site 36-17N, Task 1. Surface borings

performed under Task 1, in the vicinity of Trench MKE 11, did not show signs

of diisopropylmethyl phosphonate contamination (ESE, 1986c). Based on this

information it appears that the North Plants chemical sewer is the source of

the small amount of diisopropylmethyl phosphonate detected at this location.

Cadmium and zinc were the only metals detected at concentrations within their

indicator ranges. These concentrations are consistent with those naturally

occurring in alluvial materials in which they were found at RMA.

Mercury was detected above its indicator range in three of the six borings

drilled along the North Plants chemical sewer. In the past, mercury has been

flushed to the chemical waste sump, Building 1727, from the instrument lab

located in Building 1601 (HF RHA062 F 2141-2142), and therefore may have been

discharged to Basin F through the chemical sewer in Section 36.

Concentrations of mercury ranging from 0.058 ug/g to 0.63 ug/g were found in

all three samples from Trench MKE 11 and in a fourth sample from Trench MKE

22. A review of Task 1 data does not indicate the presence of mercury

contamination in borings located in the vicinity of the North Plants chemical

sewer (ESE, 1986c). Therefore, it appears that the elevated levels of mercury

found in this study originate from the chemical sewer.
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The five tentatively identified nontarget compounds detected along the

chemical sewer were found at a low concentrations, 0.3 ppm to 0.6 ppm. An

unknown phthalate, a plasticizer, was found at a low concentration in one

boring and is ubiquitous in the environment or may have originated from the

sample containers. The hydrocarbon, glycol, and propanoic acid derivatives

are not known to occur naturally and may have originated from the chemical

sewer line.

The semivolatile method, although not certified for volatile compounds, has

been shown to be capable of detecting tetrachloroethylene, toluene,

chlorobenzene, ethylbenzene, and xylenes in the nontarget fraction. The

absence of these compounds in the nontarget results for this site is an

indication that there is no contamination present from these compounds.

Analysis of samples from the MKE field program showed methylene chloride in 10

of the 15 samples at concentrations ranging from 2.2 to 6.7 ug/g. The

frequent detection of methylene chloride within a narrow concentration range

may be due to. laboratory contamination. Aldrin was found once, directly under

the pipe at a concentration of 0.64 ug/g in Trench MKE 22. Diisopropylmethyl-

phosphonate was found in all seven samples from Trench MKE 11 at

concentrations ranging from 0.5 to 0.9 ug/g. As discussed previously,

diisopropylmethyl phosphonate was disposed in Basin F through the North Plants

chemical sewer from 1957 to the early 1960s.

Mercury was detected once by the .ME program at a level of 0.68 ug/g in Trench

MIKE 11. This corroborates mercury concentrations detected by the Ebasco field

program.

Nontarget analyses detected several compounds that were tentatively identified

as hydrocarbons, alcohols, acids, esters, amines, and phthalates. The

alcohol, acids, esters, and phthalates are usually associated with naturally

occurring compounds and are common in soils at RHA. The presence of

hydrocarbons, however, may be due to the chemical sewer.
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As samples were only collected from directly beneath the sewer pipe, it is

difficult to accurately assess the extent of potential contaminant migration

along the North Plants chemical sewer line. Based on information gathered in

this study it appears that potential contamination of soils underneath the

chemical sewer line is limited to mercury, aldrin, diisopropylmethyl

phosphonate, and some hydrocarbons. At the time the samples were analyzed,

the laboratory was not certified to test for the agent products fluoroacetic

acid, isopropylmethyl phosphonate, and methylphosphonate, which are breakdown

products of CB. Because the only activities in this area were GB manufacture

and storage and some Army agent demilitarization, these data will eventually

be needed for a complete assessment of potential contamination.

Although no samples were collected from beneath the cast iron and steel

sections of pipe, the VCP sections will provide a worst-case estimate of

leakage and extent of possible contaminant migration. While steel and CIP

will not leak if the sections are joined properly, VCP is anticipated to leak

at the joints because the pipe sections are joined with a porous material.

The greatest potential for leakage along the chemical sewer line in North

Plants is therefore in the VCP portion of the line.

3.3 FOLLOW-ON INVESTIGATIONS

The nature and extent of potential contamination associated with the North

Plants chemical sewer have been adequately assessed to determine a worst-case

estimate of potentially contaminated soil. Therefore, no follow-on

investigations are recommended for the chemical sewer in the North Plants area

at this time.

Although a worst-case estimate of potential contamination has been delineated,

additional work may be needed as part of the Feasibility Study or design phase

of remediation to more precisely define the extent of potential contamination.

If the MA Feasibility Study determines this additional information is needed,

the recommended work will be completed as part of the conceptual or detailed

design phase of remedial action to be conducted for the North Plants chemical

sewer.
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The additional work, if it occurs, will follow the methodology presented in

the Task 10 Technical Plan (Ebasco, 1987a) and will consist of two sets of two

borings at each of the Trenches MKE 11 and MKE 22 (Figures CS-NP-7a and 7b).

both borings will be drilled from the ground surface, one approximately 1 ft

away from the pipe, the other 5 ft away. The first sample will be taken at a

depth equal to the bottom of the pipe (approximately 5 to 6 ft) and additional

samples will be taken at 5 ft intervals (10 to 11 ft, 15 to 16 ft, etc.). The

boring 1 ft from the pipe will be drilled to the water table. The boring 5 ft

away will be drilled to 15 ft beneath the pipe or to the water table,

whichever is reached first. Groundwater maps indicate the water table is

between 10 and 20 ft beneath the sewer at these locations.

It is anticipated that this program will yield 12 to 18 samples, depending on

the depth to the water table.

Depth Below

No, of Boring& Sewer Invert (ft) No. of Samples

2 Water Table 3 to 5

2 15 ft or Water Table 3 to 4

The samples will be analyzed for semivolatile organics, ICP metals, mercury

and arsenic to verify results of the initial investigation and to determine if

the compounds detected have migrated away from the pipe. In addition, the

samples will be analyzed for volatile organics and agent products (GBDP). As

discussed previously, these were not included in the initial investigation,

but may be needed to more precisely define the extent of contamination during

the Feasibility Study or design phase of remediation. The maximum number of

samples to be tested by each analytical method is listed below.

Analytical Method No. of Samples

Volatile Organics (VO) 18

Semivolatile Organics (SVO) 18

ICP Metals 18

Mercury (Hg) 18

Arsenic (As) 18

Agent Products (GBDP) 18
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3.4 QUANTITY OF POTENTIALLY CONTAMINATED SOIL

Based on the results of the field program, the estimated volume of potentially

contaminated soil, rounded to two significant figures, is 140,000 cubic yards

(yd 3) with an estimated uncontaminated overburden of 91,000 yd3.

Because samples were only collected from directly beneath the pipe, additional

information is needed to determine the vertical and horizontal extent of

potential contamination. No other data are available for the North Plants

chemical sewer, so data from the South Plants chemical sewer has been used.

The worst-case extent of potential contamination for the South Plants chemical

sewer provides a conservative estimate of the extent of potential

contamination from the North Plants chemical sewer. Based on data for Trench

CS02 (Section 3.2, Chemical Sewers - South Plants, in this report), tLe soils

were assumed to be contaminated to the water table and laterally to a distance

of 10 ft on either side of the sewer line. The volume of potentially

contaminated soil was determined by dividing the North Plants chemical sewer

system Into three sections and calculating soil volumes for each. The three

sections are: the network of cast iron collection pipes upstream of the sump,

Building 1727; the pressurized pipe between the sump and Manhole 5-4; and the

VCP line between Manholes 5-4 and 5-1. The numbers given in the following

table reflect this division. The pressurized pipe between the sump and

Manhole 5-4 is actually two pipes, a 12 inch steel pipe and a 6 inch cast iron

pipe. Because the actual distance between the two pipes is unknown, a spacing

of 5 ft (60 inches) was assumed.

Collection Pressurized
P R& Pipe VCP

Length of sewer line (ft) 4,800 4,100 2,000

Average pipe diameter (inches) 6 78 8

Average vertical extent of

potentially contaminated soil

beneath sewer line (ft) 15.6 15.7 13.9

Average depth of uncontaminated

overburden (yd 3) 9.3 8 6

Lateral extent (ft) 20.5 26.5 20.7
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Collection Pressurized

Estimated volume of potentially

contaminated soil (yd ) 57,000 63,000 21,000

Estimated volume of uncontaminated

overburden (yd ) 34,000 32,000 25,000

3Total estimated volume of potentially contaminated soil - 140,000 yd

Results from this survey and the South Plants chemical sewer survey were used

to generate a most conservative (worst-case) estimate of the volume of

potentially contaminated soil associated with the North Plants chemical

sewer. This delineation of the boundaries of potential contamination should

not be construed to indicate the actual presence of contamination within the

volmes outlined. In addition, this approach is not intended to imply that

any or all of the 'oil within the potentially contaminated volume must be

remediated, nor does it make any assumption about the type of remediation that

may be required. Rather, this approach is intended to provide preliminary

estimates of the maximum possible volume of contaminated materials for

planning purposes only.
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KXECUTIVE SUMMARY

CHEIICAL SEWER - SOUT PLANTS

The South Plants chemical sewer system is located in the South Plants

manufacturing complex in Sections 1 and 2 on the Rocky Mountain Arsenal. The

system carried chemical wastewaters from production units in the South Plants

manufacturing complex to disposal sites on the Rocky Mountain Arsenal. The

chemical sewer is constructed primarily of 4 to 12 inch diameter vitrified

clay pipe. The system was investigated under Task 10 during the winter of

1986-1987. A total of 68 borings, yielding 103 samples, were completed in 11

trenches and in 5 manholes.

Thirty-seven target analytes and a large number of tentatively identified

nontarget compounds were detected in samples taken from along the chemical

sewer including pesticides, herbicides, process intermediates, solvents, and

metals. Aldrin and dibromochloropropane were detected in several samples at

concentrations greater than 10,000 micrograms per gram, and a nontarget

halogenated hydrocarbon was tentatively identified at 2,000 micrograms per

gram. A general trend in several of the trenches and manholes was that the

number and concentration of contaminants decreased with distance from the

pipe.

No follow-on work is recommended for the South Plants chemical sewer system

at this time. Based on the field program, the total estimated volume of

potentially contaminated soil is 120,000 cubic yards, with an estimated

uncontaminated (by the sewer system) overburden of 120,000 cubic yards.



CONTAMINATION ASSESSMENT REPORT

CHEMICAL SEWER - BOUTS PLANTS

1.0 PHYSICAL SETTING

1.1 LOCATION AND DESCRIPTION

The South Plants chemical sewer system is located in the South Plants

manufacturing complex in Sections 1 and 2 on the Rocky Mountain Arsenal

(RMA). The South Plants chemical sewer system received wastes from various

generators including the U.S. Army, Julius Hymen and Company, Colorado Fuel

and Iron Company, and Shell Chemical Company.

The majority of the South Plants chemical sewer system was a gravity system

constructed of 4 to 12 inch diameter vitrified clay pipe (VCP). The chemical

waste stream was initially routed to Basin A and three lime slurry settling

basins located in Section 36, and subsequently to Basin F located in Section

26. A general map that shows the location of the South Plants chemical sewer

system is presented on Figure CS-SP-1. A detailed layout of the system is

shown on Plate CS-SF-1. In the late 1970s, the Army stopped using most of

the gravity system and constructed several steel force mains leading to a

local waste treatment facility in the South Plants area. Wastes from the

hydrazine blending facility continued to be routed to Basin F through the

gravity system. At approximately the same time, Shell ceased using the

underground gravity chemical sewer system and constructed an overhead

collection system. In 1982, the Army removed approxLtately 15,000 feet (ft)

of 8, 10, and 12 inch diameter vitrified clay pipe, which ran from the South

Plants area to Basin F, from Sections 26, 35, and 36 (RMACCP•T, 1984/RIC

84034R01; Black & Veatch, 1981). The removed sections served the South

Plants chemical sewer system, the North Plants chemical sewer system, and the

combined flow from each area. The downstream ends of the South Plants

chemical sewers were plugged at December 7th Avenue.

Site CS-SP
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The South Plants chemical sewer system presently includes approximately

12,200 ft of vitrified clay pipe varying from 4 to 12 inches in diameter and

2,100 ft of steel force mains (COE, 1984). Manholes are primarily

constructed of precast concrete or brick and mortar. The metal pipe joints

are welded, and the vitrified clay pipe joints are sealed with oakum and

cement (Green, 1987). Manhole materials and pipe joint materials were spot

verified during field operations. A schematic of a typical manhole showing

the rim, corbel, apron, channel, and walls is presented in Figure CS-SP-2.

Buildings connected to the South Plants chemical sewer system are listed in

Table CS-SP-l. These buildings are listed by building number, not by the

order in which they were connected or disconnected.

1.2 GEOLOGY

The two uppermost stratigraphic units beneath the South Plants manufacturing

complex are Quarternary alluvium and the Denver Formation (Kay, 1982/RIC

82295R01). This area is underlain by a relatively thin sequence of alluvium

that covers a bedrock surface high (May, 1982/RIC 82295R01). The alluvium in

the vicinity of the chemical sewer ranges from 3 ft (Well 01516) to 25 ft

(Well 01505). Well locations are presented in Plate CS-SP-3 (Section 1.3).

The thinnest alluvium is present along the line south and west of Manhole W26

(Wells 01517, 01520, 01567, and 01007) and in the vicinity of Manhole W18

(Well 01516 and Trench CS01). The alluvial thickness increases to the north

to greater than 20 ft (Wells 01505 and 01525) in the vicinity of the E-series

manholes and to approximately 11 ft in the chlorine plant area (Well 02594

and Trench CS03). Alluvial thicknesses penetrated by borings in manholes and

trenches during the Chemical Sewers - South Plants field program are shown in

Table CS-SP-2.

The alluvium in the vicinity of the chemical sewer, as shown in logs from

existing monitoring wells, is generally composed of combinations of silt and

clay with lesser sand. A higher sand content is generally present in the
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TABLE CS-SP-1

BUILDINGS CONNECTED TO THE CHEIICAL SEWER IN

SOUTH PLANTS

Source: Ebasco, 1988b Page 1 of 3

Building Building Description and Ube

242 Brine conversion to chlorine and dilute caustic

243 Major facility of chlorine plant

244 Chlorine storage

247 Brine storage tanks

249 Brine storage tanks

251 Until early 1960s: caustic evaporation for chlorine

process; 1960s to 1980: empty; 1980-1982: storage of

drummed wastes

313 1947-1951: offices and research lab

314 Laundry

331 Phosgene bomb filling; after 1977: PX storage, warehouse

411 Sulfur monochloride and dichloride manufacture, sulfur

storage

412 Mustard manufacture, filling, and storage; dichloro

manufacture

413 Steam recycle/condensate control building; white phosphorus

storage.

422 Mustard manufacture, filling, and storage; aldrin filling

and storage

424A Control room building and lab for aldrin

424C Aldrin filter building

432 Army warehouse; burned down in 1940s

451 Warehouse; drumming of liquid pesticides

471 Thionyl chloride, pesticide, and herbicide manufacture

473 Thionyl chloride drum loading; storage of nemagon, dibrom,

DDVP. supona, and chlordane until 1982
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TABLE CS-SP-1

BUILDINGS CONNECTED TO THE CHEMICAL SEWER IN

SOUTH PLANTS

Source: Ebasco, 1988b Page 2 of 3

Bui:Aing Building Description and Use

502 West chemical sewer meter pit

503 East chemical sewer meter pit

506 Denver Effluent Treatment control house

509 Denver Effluent Treatment compressor/liquifier for methyl

chloride

511 Manufacturing building; offices and lab

512 1942-1947: distilled mustard filling; pilot plant and

holding tank for pesticides

514 Lewisite production 1942-1945; mucard distillation

1945-1947; chlordane and "Strauss Hex" manufacture

1947-1952; production of endrin, methylparathion, vapona,

ciodrin, bidrin, ethylparathion and azodrin 1951-1981

514A Dowtherm Building, lewisite (M-1) crude storage, army

boiler, burned in 1951, rebuilt

514C Acid pumping station

514E Monomethylamine dilution control

515 Chlorinated paraffin, bladex, endrin, and planavin

515A 1954-close: nudrin and endrin tank building.

516 1942-1947: lewisite; 1947-1951: chlordane; 1951-1973:

endrin and dieldrin muriatic acid recovery

517 1942-1947: Army changehouse, tool room, office and lab

521 Lewisite production;,cracking of dinyclopentadiene,

production of thermal hex

521C Lunchroom and field foreman office

525 Acetylene generation for lewisite process; process

development lab; and nudrin manufacture

526 Pesticide filter building
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TABLE CS-SP-1

BUILDINGS CONNECTED TO THE CHEMICAL SEWER IN

SOUTH PLANTS

Source: Ebasco, 1988b Page 3 of 3

Building Building Description and Use

528 1945-1946: mustard incineration; 1966-1982: pesticide

refrigeration

529 1942-1951: pumphouse for lewisite and mustard distillation;

tempered water system for azodrin

531 Warehouse

532 Warehouse, empty containers until 1971;

1971-1982: planavin, bladex, and atrozine packing

534B Planavin unit process equipment

536 Storage of crude mustard, acid, and caustic; mustard demil

537 Thaw house for mustard purification; mustard demil

538 Drum disposal; mustard demil

540 Decon building, to renovate mustard containers; evaporation

of brine

556 Vertical holding tank

561 Bicycloheptadiene process unit; building gutted in 1981

571 Waste vent gas incinerator

571B Heavy and light organics tank room; hex bottom storage

724 Denver Effluent Treatment salt handling and incineration

727 Electric, auto, and carpentry shop

729 Storehouse, maintenance shop, changehouse, and office

732 Napalm production, M-19 manufacture

741 Refrigeration building

742 Incendiary oil bomb and mustard filling, warehouse, and

pesticide control shop

742A Tankhouse for distilled mustard

743 Laboratory, change house, office
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northern portion of the South Plants area and in the chlorine plant area.

Alluvial thickness and composition may vary in the South Plants area due to

manmade disturbances, excavations, and the presence of fill associated with

the construction of buildings, roads, and railroads.

The underlying Denver Formation bedrock is composed of interbedded claystone

and sandstone, with lesser lignite. As borings drilled in the South Plants

area do not penetrate the Denver Formation completely, the total thickness of

the formation in this area is unknown. A detailed description of the Denver

Formation is found in a study by May (1982/RIC 82295RO1).

Profiles for the boring drilled through Manhole W21 and Boring 6 in Trench

CS03 are shown in Figures CS-SP-3a and b.

1.3 HYDROLOGY

The South Plants manufacturing complex is located on a nearly flat-lying

topographic high at an elevation of approximately 5,270 ft above mean sea

level (msl). Surface water is primarily controlled by man-made ditches, which

generally carry water in four directions (Plate CS-SP-2). Most of the runoff

from the South Plants complex in Section 2 and the southwestern portion of the

South Plants area in Section 1 flows west and southwest to the Sand Creek

Lateral. Water from the northern part of South Plants in Section 1 flows both

east and north. Runoff from the southeastern portion of the area flows

southeast toward the Derby Lakes.

Surface water quality data from December 1985 are available for several

locations in the South Plants area (Plate CS-SP-2). Water draining north into

Section 36 contained detectable levels of dicyclopentadiene, methylisobutyl

ketone, dibromochloropropane, diisopropylmethyl phosphonate,

p-chlorophenylmethyl sulfide, p-chlorophenylmethyl sulfoxide,

p-chlorophenylmethyl sulfone, benzene, toluene, ethylbenzene, xylene,

chloroform, 1,1-dichloroethane, trans-1,2-dichloroethylene,

1,1,1-trichloroethane, tetrachloroethylene, and chlorobenzene (ESE, 1986a/RIC

86317R01). Runoff sampled at the western edge of the complex contained
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aldrin, isodrin, dieldrin, endrin, chloroform, bensene, and methylisobutyl

ketone; and surface water draining toward Lower Derby Lake, sampled at the

southeastern corner of South Plants, contaiined isodrin, dieldrin, chloroform,

benzene, and methylisobutyl ketone (Spaine & Gregg, 1983/RIC 83228R01).

The primary direction of alluvial groundwater flow across RMA is to the

northwest; however, a localized groundwater mound diverts flow radially from

the South Plants area (Plate CS-SP-3). A previous investigation attributed

the presence of the groundwater mound to water leaking from underground pipes

into low permeability material (Stollar & Van der Leeden, 1981/RIC 81293R05).

However, the presence of the bedrock high of less permiable material in the

South Plants area may have contributed naturally to the groundwater mound.

The groundwater elevation in the area of the chemical sewer in South Plants as

measured in the summer of 1986, ranged from 5,260.9 ft msl in Well 01568,

located in the center of the mound, to 5,247.6 ft msl in Well 01008 at the

eastern edge of South Plants. Depth to groundwater in these wells was 9.2 and

12.6 ft, respectively (ESE, 1987a). Depth to groundwater observed during the

field program is shown in Table CS-SP-2.

A comparison of the groundwater elevations (Plate CS-SP-3) and sewer line

elevations (MKE, 1986) indicates that the northern section of the system is at

the same elevations as, or below, the current local groundwater level. The

area includes Manholes WI, W2, W3, W8, W12, and the E-series manholes north of

Manhole E7, excluding E12 and E13.

Groundwater quality data from December 1085 and January 1986 are available for

the area of the chemical sewer in South Plants. Chemical distribution maps

for alluvial wells generated by ESE under Task 4 have shown that the following

chemicals have been detected in alluvial wells in the vicinity of the South

Plants chemical sewer line: dieldrin, p-chlorophenylmethyl sulfoxide,

p-chlorophenylmethyl sulfide, 1,4-dithiane, 1,4-oxathiane, 1,1-dichloroethane,

1,1-dichloroethylene, mercury, benzene, trichloroethylene, chloroform,

chlorobenzene, trans-1,2-dichloroethylene, 1,1,1-trichloroethane,

1,1,2-trichloroethane, tetrachloroethylene, arsenic, dibromochloropropane, and

diispropylmethyl phosphonate (ESE, 1986a/RIC 86317R01).
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Because these compounds are representative of the class of chemicals typically

found in the groundwater beneath the South Plants manufacturing complex, their

presence in the groundwater beneath South Plants does not by itself indicate

that the sewer line is contributing to groundwater contamination.

2.0 HISTZQY

Information on the history of the area defined as the South Plants chemical

sewer was gathered through a search of the Shell I, Shell II, and Juris

computer databases. No review of aerial photographs was conducted for the

predominantly underground system.

The South Plants manufacturing complex was originally constructed by the Army

in 1942 to house operations for the manufacture of military chemicals. In

1949, Julius Hyman and Company leased excess facilities for the production of

insecticides (JUC, 1949). In May 1952, Shell Chemical Company (SCC) took over

the Hyman leases (CWS, 1952). Shell manufactured herbicides, insecticides,

and pesticides until 1982. During the 1950s, Colorado Fuel and Iron also

leased facilities in the South Plants area and manufactured chlorobenzene,

* dichlorodiphenyltrichloroethane (DDT), naphthalene, and chlorine.

Currently, there are no production activities in South Plants. Shell Oil

Company still holds leases on a few buildings in South Plants, and the Army

operates and maintains a few buildings in South Plants such as the maintenance

shops, laundry, firehouse, and laboratory.

Initially the Army built five separate sewer systems for disposal of

wastewater generated in the South Plants complex: toxic waste, nontoxic

contaminated waste, caustic waste, uncontaminated process wastewater, and

sanitary sewage (CWS, 1945a; CWS, 1945b). The process wastewater and sanitary

sewage system are addressed in separate contamination assessment reports. The

toxic, nontoxic contaminated, and caustic systems have been integrated into

one system over the years and are commonly referred to as the chemical sewer

or the contaminated waste system. This report will refer to it as the

chemical sewer system.
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Changes and additions that were made to the chemical sever system to

accommodate changes in plant operations are outlined below. Refer to Plate

CS-SP-1 for the location and number of manholes. Manhole numbers appear as

designated by the Shell Chemical Company (MKE, 1986), with Army numbers given

as appropriate in parentheses (e.g., W27 (14)).

Dats Changes and Additions

1942 The chemical sewer consists of the three separate waste

systems: the toxic waste system, the nontoxic contaminated

waste system, and the caustic waste system.

The toxic waste lines collected neutralized wastes from the

mustard and lewisite production areas. Wastes from mustard

production were collected in a 10 inch sewer which emptied

into a 30 inch line running north under December 7th Avenue

and then into Basin A. Wastes from lewisite manufacture

flowed first to the M-1 pits and then to Basin A via the 30

inch line. Wastes from the acetylene plant were pumped to

the lime settling basins in the southwest corner of Section

36 (RMA073 F 0432). The toxic waste lines received wastes

from the original Army Manholes W12 (1), W15 (2), W16 (3),

W21 (4), W22, W25 to W27 (10), W31 (11), and (14) to (17)

(CWS, 1945a; 1945b; WR&SK, 1943; MKE, 1986).

The nontoxic waste system, west of "D" Street, originally

served as both a conveyance for chemical waste and a storm

sewer. The original manholes (designated by the "I"

numbering series) in the chlorine plant area were covered

with open grates. In addition, the nontoxic contaminated

waste system received wastes associated with the phosgene

bomb filling activities in Building 331 (MKE, 1986).

Originally the nontoxic waste system discharged into the

Sand Creek Lateral, which subsequently discharged into First

Treek, but it was discovered that salt concentrations were

too high for normal dilution by First Creek. The nontoxic
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DAIS Changes and Additions

1942 waste was diverted into two ponds in the southwestern corner

(cont.) of Section 26, Basins D and E (CWS, 1945a; CWS, 1945b).

The caustic waste line was constructed to carry caustic from

the chlorine plant area to a waste basin lined with soils

selected from other areas of RMA and considered to be

impermeable (noted as the "Dry Reservoir" on Plate CS-SP-1)

in the southeastern corner of Section 35 (CWS, 1945a; CWS,

1945b). This sewer line and basin were never used for

caustic as all the caustic produced was utilized by the

caustic fusion plant (Donnelly, undated). This line

included Manholes I through 6.

1951 Service to Building 742A was established by the installation

of a force main from the building to a manhole south of

Building 727 and by a gravity sewer from the unnumbered

manhole to Manhole A, east of Building 53A (HKE, 1986).

A chemical sewer drain under Building 742 was installed in

conjunction with the installation of the distilled mustard

filling line (Donnelly, 1951).

Wastes from Building 532A (the WP filling plant) were

diverted from the chemical sewer to the storm sewer. Storm

sewers in this area drained to the Sand Creek Lateral which

emptied into Basin D (lMA060 F 1933).

1953 A chemical waste sewer line was constructed from Building

732 to Basin A. This line included Manholes A, B, and C

(MKE, 1986). This line was never used for contaminated

waste (Donnelly, 1960/RMA060, 1932).

15
Site CS-Sp
0070V/0146A
Rev. 9/14/88



gaChnns and Additions

1953 Julius Hyman and Company installed a 12 inch sewer line,

(cont.) which tied into an existing line between Manholes (IB) and

(1). Manholes H-1 and H-2 were constructed at this time

(JIC, 1953). This line segregated Hyman waste flows from

Army waste, and discharged them to a settling basin located

at the southeastern corner of the lime settling basins (MKE,

1986).

Cement joints in part of the chemical sewer south and east

of the old mustard manufacturing plant (Building 422) were

eroded by very acidic wastes coming from Building 412.

Wastes were temporarily diverted to an open ditch which

flowed to Basin A or Basin D until the damaged pipe could be

replaced (RLA002 F 0498; RIA0O01 F 0594-0595; RLAO02 F 1514).

1956 Basin F and chemical sewer mains from the North and South

Plants complexes were constructed (Craft, 1982; MKE, 1986).

Manholes 4-1, 4-2, and 4-3 were constructed, which linked

the chlorine plant contaminated waste system (Manholes I-1

to 1-15, except 1-10) to the original unused caustic waste

line (Manhole 6). The caustic waste line was rerouted to

the new chemical sewer at Manhole 1-8 in the southeast

corner of Section 35 with the addition of Manholes 3-1 and

3-2 (MKE, 1986).

The chemical sewer main to Basin F, north of December 7th

Avenue, was connected to Manholes 1-10 and 2-1 in Section 36.

1957 The Army constructed a 6 inch chemical sewer line and

Manholes (21), (22), and (23) to carry waste flows from

Buildings 313 and 314 to the main sewer line at Manhole W21

(4) south of Building 517 (DOA, 1957).

1965 Manholes W4A and W5 were installed along with associated

pipe near Building 534A (Craft, 1982).
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t Chances and Additions

1967 Floor drains from the Building 515 extension were installed

(Craft, 1982).

1968 A sewer line from a vent gas burner (VGB) in Building 571 to

Manhole E14 was installed; Manholes E13 and E14 and the

sewer line to Manhole E12 were added at this time (Craft,

1982).

1970 A sewer connection was added from tank T-1337 to Manholes W6

and W5, near Building 534B (Craft, 1982; SCC, 19 70a).

The sewer line from the west side of Building 534B to north

of 534 tank farm was replaced. Manhole W3 and was installed

and the line from W4 to W2 was abandoned (Craft, 1982; SCC,

1970b).

1971 The contaminated sewer lines and manholes on the east side

of Buildings 514 and 516 were replaced and rerouted,

including installation of Manholes E5, E6, E7 and E8. The

sump north of Building 528 was abandoned (Craft, 1982).

1972 Fifty feet of the 4 inch VCP north of Building 534B were

replaced (SCC, 1972a; Craft, 1982).

1972-1973 A one-quarter inch stainless steel liner was installed

inside the deteriorated sump (above grade) at the northern

end of Building 516 (SCC, 1972b).

1973 The line north of December 7th Avenue was replaced, three

manholes were installed, and overflow to Basin A was blocked

(Craft, 1982).
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Changes and Additions

1974 Building 514 was connnected to Manhole 11A (not shown on

Plate CS-SP-1) with 4 inch cement-lined cast iron pipe (CIP)

(Craft, 1982; SCC, 1974a).

Manhole E15 and the drain line to the flare tower were

installed (Craft, 1982; SCC, 1974b).

1975 The sewer line from Building 516, extraction area, to the

scrubbers southeast of Building 514 was replaced (SCC,

1975a; Craft, 1982).

Manholes (18) and (19) and the sewer line south of Building

471 were replaced. New manholes were W32 and W33,

respectively (Craft, 1982; SCC, 1975b).

A drain from the hexane tank to Manhole W1 was installed

(Craft, 1982).

A sump east of Building 532, a sewer line, and Manholes W6A,

W6B, and W6C were installed (Craft, 1982).

Approximately 1,500 ft of pipe from Manhole IA-1 (not shown

on Plate CS-SP-l) to Basin F were replaced (SCC, 1975c).

1976 The sewer line from the bicycloheptadiene operating area

west of Building 561 was installed, and the drain from the

tank farm to Manhole E5B was connected (Craft, 1982; SCC,

1976a).

A sump east of the Building 514A tank room was replaced with

a new sump and new associated piping (SCC, 1976b; Craft,

1982).
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Rats Changes and Additions

1976 The line from Manhole 17 to the east meter pit and Manholes

(cont.) 11, 12, E3, E4, E5, E6, and E7 was replaced (Craft, 1982).

Drain lines from Buildings 727 and 729 to new sumps were

installed to remove Shell flow from the sewer line used by

the Army (Craft, 1982).

The sewer and tank farm for the Denver Effluent Treatment

system was installed near Buildings 508, 571, 571A, 571B,

and 724 (Craft, 1982).

Drains from the tank farm east of Building 534 were

installed (Craft, 1982).

A new concrete sewer line from Building 313 and 314 was

constructed west across "D" Street to Manhole 6 where it

connected to the original caustic line that discharged to

Basin F. Manholes 6-1, 6-2, 6-3, and 6-4 were added in the

chlorine plant area along the new line (MKE, 1986).

1978 A new flow metering system and Manholes E4A and E4B were

installed southeast of Building 514D (Craft, 1982; SCC,

1978a).

Three sewers were installed from the railroad loading area

to the existing sewer line near Manhole E16 (Craft, 1982).

A portion of line between Manholes E5 and E6 was repaired

(Craft, 1982).

Six metering stations in Manholes W12, W22 (2 meters), E7 (2

meters), and Ell were installed. Five inlets to Manholes

W31 and W27 were plugged (Craft, 1982).
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Date Changes and Additions

1978 The sewer line from Manholes WI5 and W14 to W9 was

(cont.) abandoned. A new 4 inch VCP line from Manhole W13 to the

line running from the Building 514E sump to Manhole E5A was

installed (Craft, 1982).

A new line was installed connecting Manholes W1 and E2 and

Manhole EWi was installed, which connected the east and west

branches of the chemical sewer in South Plants (Craft, 1982).

1979 A vent in the sewer line to the air wash in Building 471 was

installed (SCC, 1979a).

Sewer lines between the Shell facilities and Basin F were

plugged (Craft, 1982).

The seier line from Manhole W32 to W31 was abandoned.

Manhole A33 and the line from Building 473 to new Manhole

W32 were replaced (SCC, 1979b).

The sewer pipe from Manhole W33 to W32 was slip-lined. Two

sump pumps were installed and discharge was piped overhead

to the tie-in to the sewer north to Building 451 (Craft,

1982).

The line from Manhole W3 to W4 was plugged (Craft, 1982).

1980 The portion of the existing contaminated sewer used by Shell

was replaced with a new overhead chemical waste collection

system (Craft, 1982; SCC, 1980).

1982 The chemical sewer main from South Plants to Basin F was

removed north of December 7th Avenue, except for a small

unused portion of the caustic waste line in Section 35

(Unauthored, 1980/MF RAA016, F 1337).
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The chemical sewer is believed to be a major source of groundwater

contamination in the South Plants area (MICE, 1986). However, documentation of

actusal leaks is limited. During the 1950s, acid lea& t from the chemical

sewer in the vicinity of Building 412 (Meetze 1953; Vess, 1953). A portion of

the chemical sewer line north of Building 516 leaked acetic acid, aldrin,

caustic soda, dieldrin, endrin, and xylene. A significant sewer leak near

Building 314, the laundry, is suspected, because tetrac'kloroethane, a laundry

cleaning agent, was detected in nearby groundwater (SCC, 1979c). Other leaks

have been reported to have occurred near Buildings 451 and 514 (SCC, 1979c).

3.0 FIELD INVESTIGATIOP

3.1 PREVIOUS INVESTIGAIIONS

The regional soil type in the vicinity of South Plants is of the

Ascalon-Vona-Truckton Association. This association consists of loamy and

sandy soils formed in wind laid deposits on uplands that are somewhat

excessively drained to well drained (Kolmer & Anderson, 1977/RIC 81295R07).

Soil contamination studies were conducted under Tasks 1 and 14 for the -eroved

chemical sewer in Sections 26, 35, and 36 as Sites 26-9, 35-2, and 36-20,

respectively (ESE, 1987a; ESE, 1987b). Additionally, Shell Chemical Company

spills in the South Plants area were investigated under Task 2, Sites 1-13 and

2-18 (Ebasco, 19 8 7a). Two soil investigations were continuing during the

writing of this report: Task 24, Army Spills (Ebasco, 1988d), and the South

Plants Regional Study (Ebasco, 1988e). These studies are primarily concerned

with surface spills.

Over the years, investigations of the chemical sewer system have Leen made

primarily to assess the need for repairs and improvements to the s3stem.

Studies were conducted by Parsons and Company in 1955, the U.S. Army

Environmental Health Laboratory (USAEHL) in 196C, the U.S. Army Eavironmental

Hygiene Agency (USAEHA) in 1965 and 1984, and Morrison-Knudsen Engineers (MKE)

in 1986.
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The Parsons study evaluated the volume of waste streams generated by different

facilities on RMA. The study was initiated to identify the most economical

way to reduce the possibility of groundwater contamination from chemical

wastes (Parsons, 1955). At that time approximately 100 gpm of effluent was

being discharged into Basin A by Shell Chemical Company in the South Plants

area. The effluent was primarily cooling water from shell-and-tube

condensers. This water was not circulated through the normal Derhy Lake

cooling system to ensure that any possible leakage in the condensers would not

enter the lakes.

The 1960 report by the USAEHL evaluated the source, volume, and composition of

the industrial wastes generated at RMA. At the time of the report, an average

of 131 gallons per minute (gpm) were being discharged from the North and South

Plants complexes to Basin F, the majority of which originated from the Shell

complex. Analyses of the wastewaters indicated a large variance in

composition and strength, which was attributed to the batch process nature of

the SCC manufacturing methods (USAEHL, 1960).

A similar study was completed by the USAEHA in 1965. During the period

February 8 - 21, 1965, the total waste flow into Basin F averaged 267 gpM,

10.5 coming from Army activities (including 3 gpm from North Plants) and the

remaindei coming from SCC activities (USAEHA, 1965). The flow rate was just

over twice that found in the 1960 study. Chemical analyses showed the waste

stream was only about one quarter as concentrated as in the 1960 study.

The USAEHA issued a report in 1984 concerning the general condition, problems,

and recommendations for the chemical and sanitary collection and treatment

systems at RMA. At the time of the study, the only industrial wastes

discharged to the chemical sewer were laboratory wastes from Buildings 313 and

743 and the pesticide shop in Building 742. These wastes were collected and

transported through force mains to the Building 556 holding tank and then

transported to Building 540, where they were treated and discharged to the

sanitary sewer. No recommendations were made regarding the condition or use

of the chemical sewer or treatment system (USAEHA, 1984/RIC 86213R02).
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Under Phase I of the PMA sewer investigations, Morrison-Knudsen Engineers

surveyed the physical configuration of the chemical and sanitary sewers

located within the Shell Chemical Company's leasehold in South Plants (MKE,

1986). Pertinent information from the MKE report has been incorporated into

this report.

MKE investigated potential contamination from the sewers at RHA prior to the

Ebasco studies. As part of their study, MKE took samples from seven trenches

along the chemical sewer in the South Plants area and from one trench along an

abandoned line in Section 35, south of the "Dry Basin" (Plate CS-SP-l). A

schematic drawing showing the sampling grid and the boring identifications

used during the drilling program is presented in Figure CS-SP-4. The trench

locations are included in Plate CS-SP-1.

Preliminary results from the MKE analyses show elevated levels of process

intermediates, solvents, pesticides, halogenated hydrocarbons, arsenic, and

mercury. The analytical results are described below briefly and are

summarized in Tables CS-SP-3 and CS-SP-4 (HRO, 1987).

Trench MKE2

Three 1 ft samples were recovered from this trench, one from either side of

the exposed pipe and one from underneath the pipe. These samples contained

elevated levels of several volatile and semivolatile organic compounds,

including chlorobenzene (4.1 and 10 micrograms per gram, ug/g), carbon

tetrachloride (16 and 24 ug/g), chloroform (7.4 and greater than 25 ug/g),

methylene chloride (9 and 14 ug/g), tetrachloroethylene (5.5 and 7.6 ug/g),

and toluene (13 and 29 ug/g) in the volatile fraction. The semivolatile

fraction included aldrin (1,300 to 14,000 ug/g), dieldrin (27 ug/g), isodrin

(33 and 290 ug/g), and dibromochloropropane (25 and 7,500 ug/g). No

analytical data are available for 12 of the 24 semivolatile target compounds.

Arsenic and mercury were also detected at 490 and 520 ug/g, and 0.20 and 5.0

ug/g, respectively.
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Several nontarget compounds were tentatively identified as hydrocarbons and

halogenated hydrocarbons. The sample from directly beneath the pipe contained

these compounds in the highest concentrations. The most notable compounds

were those tentatively identified as trimethyl benzene (99 ug/g, equivalent to

parts per million, ppm), dichloropyridine (1,000 ug/g), trichloromethane (140

ug/g), and an aliphatic with seven carbons (120 ug/g). The other two samples

also contained compounds tentatively identified as ethylmethyl benzene (180

ug/g), dichloropyridine (520 ug/g), and several halogenated hydrocarbons at

lower concentrations (39 ug/g or less).

Trench MEL

Two samples were collected from this trench. Chloroform, methylene chloride,

tetrachloroethylene, and toluene were found in both samples at concentrations

ranging from 2 to 12 ug/g. Boring 3 also contained m-xylene and o- or

p-xylene at 3.7 and 4.0 ug/g, respectively.

Semivolatile analyses showed elevated levels of several compounds, most

j notably aldrin, which was present in both samples at 20,000 ug/g. Other

semivolatile compounds detected were dieldrin (200 and greater than 10 ug/g),

isodrin (300 and greater than 10 ug/g), dibromochloropropane (100 ug/g),

dichlorodiphenyltrichloroethane (30 and 100 ug/g), and supona (50 ug/g).

Arsenic was found at 120 and 200 ug/g, and mercury was found at 1.4 and

1.5 ug/g.

The primary nontarget compound noted in these samples was tentatively

identified as hexachlorobutadiene. It appeared in both samples at

concentrations ranging from 84 to 460 ug/g. Two other nontarget compounds of

interest were tentatively identified as dibromochloropropane (50 ug/g) and a

chlorinated hydrocarbon (120 ug/g).

Two samples were collected from this trench; one from beside the pipe and one

from underneath the pipe. In general, the sample from under the pipe

contained more target compounds at much higher concentrations than the sample
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from beside the pipe. These compounds included caibon tetrachloride (3.7 and

300 ug/g), chloroform (100 ug/g), methylene chloride (5.6 and 5.4 ug/g),

tetrachloroethylene (5.1 and 60 ug/g), toluene (greeter than 25 ug/g),

m-xylene (15 ug/g), o- and p-xylene (13 ug/g), and methylisobutyl ketone (21

ug/g). The semivolatile fraction contained aldrin both beside the pipe and

under the pipe at 2,000 and 20,000 ug/g, respectively. Arsenic was found at

330 and 290 ug/g, and mercury was found at 1.4 and 2.1 us/g.

Nontarget compounds detected at the highest concentrations in these samples

included those tentatively identified as dibromochloropropane (46 and 830

ug/g), hexachlorobutadiene (230 and 310 ug/g), and dicyclopentadiene (130

ug/g).

Three samples were collected from Trench MKE 6, two from beside the pipe and

one from underneath the pipe. Most of the volatile compounds detected were in

the sample directly under the pipe. These compounds included chlorobenzene

(2.4 ug/g), chloroform (12 ug/g), bicycloheptadiene (greater than 25 ug/g),

ethylbenzene (6.6 ug/g), tetrachloroethylene (6.1, greater than 25, and 4.1

ug/g), toluene (4.0 and greater than 25 ug/g), and dimethyl disulfide (4.8

ug/g). The semivolatile fraction contained pesticides and halogenated

hydrocarbons, such as aldrin (710, 11,000, and 840 ug/g), endrin (11 and 2.0

ug/g), dieldrin (6.4, 140, and 2.9 ug/g), isodrin (26, 300, and 27 ug/g),

dicyclopentadiene (1.6 ug/g), and dibromochloropropane (33, 510, and 19

wu/g). Arsenic was also found at concentrations ranging from 470 to 510 ug/g,

and mercury was found at levels ranging from 1.0 to 3.5 us/g.

Nontarget compounds were more concentrated in the sample taken from beneath

the pipe. Compounds of note in this sample included those tentatively

identified as trimethyl benzene (270 ug/g), chlordene (95 us/g),

dichloropyridine (72 and 150 ug/g), and an aliphatic with 6 to 8 carbons (210

us/c). The samples taken from beside the pipe contained similar compounds,

although at much lower concentrations.
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Trench MKE 7 yielded eight samples. Methylene chloride was detected in four

of the samples in concentrations ranging from 2.4 to 12 ug/g. No semivolatile

organic compounds were detected in any of the samples analyzed for

semivolatile organics, nor was mercury. Arsenic was found in three of the

samples, and ranged in concentration from 18 to 21 ug/g.

Analyses of the samples also showed the presence of several nontarget

compounds, including those tentatively identified as phthalates, alcohols,

acids, esters, and three instances of a substituted alkene. The phthalates

are plasticizers, which are ubiquitous and which were present in low

concentrations, the maximum being 8.9 ug/g. Alcohols, esters, and

hexadecanoic acid are often associated with naturally occurring compounds and

were present in concentrations of up to 36 ug/g. The three substituted

alkenes were present in concentrations of 9.8, 0.5, and 5.1 ug/g.

Trench MU 19

Three samples were collected from Trench MKE 19. Methylene chloride was

detected in all three of the samples at concentrations ranging from 2.7 to 4.1

ug/g. No semivolatile organic compounds were detected. Arsenic was found at

6.4, 11, and 6.8 ug/g, and mercury was found at 2.0, 25, and 4.7 ug/g. The

highest concentrations of both arsenic and mercury occurred in the sample from

directly under the pipe.

The primary nontarget compound was tentatively identified as an oxygen-

substituted alkene and was present at 2.3, 14, 18, and 25 ug/g.

Trench MUE 20

Three samples were taken from this trench. Volatile organic analysis showed

methylene chloride in all three samples at concentrations ranging from 2.3 to

2.9 ug/g. No semivolatile compounds were detected, nor was arsenic. Mercury

was detected in the sample from beneath the pipe at a concentration of 1.5
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The primary nontarget compound was found in all three samples and was

tentatively identified as an oxygen-substituted alkene. This compound was

present at 3.1, 19, 12, and 18 ug/g.

Trench PKE 21

Trench MUKE 21 yielded six samples from three borings. Three of these samples

contained methylene chloride at concentrations of 2.6, 5.0, and 8.0 ug/g. No

semivolatile organic compounds, arsenic, or mercury was detected.

Of the several nontarget compounds detected in these samples, a tentatively

identified oxygen-substituted alkene was present in the highest concentrations

(1 to 13 ug/g).

Methylene chloride occurs frequently in the results from the MKE field

program, usually at concentrations of less than 10 ug/g. This compound is a

common laboratory solvent, and its fairly constant concentration in the

analytical results may be evidence of laboratory background contamination.

During the sampling program, MKE also took samples from trenches and manholes

being investigated by Ebasco. Chemical analyses of these samples showed

elevated levels of pesticides, intermediates and metals. The analytical

results are described below and are summarized in Table CS-SP-5 (HRO, 1988).

Manhole W2
Three samples were collected from soil underneath Manhole W21 at depths of 8.5

ft, 10.5 ft, and 15.5 ft. The 8.5 ft sample was only analyzed for ICP metals

and was reported to contain lead within it's indicator range at 29 ppm.

Chromium, copper, and zinc were all present above their indicator ranges at

concentrations of 51 ppm, 37 ppm, and 120 ppm, respectively. The 10.5 ft

interval contained arsenic above its indicator range at a concentration of 430

ppm and the 15.5 ft interval contained arsenic within its indicator range at 3

ppm. Arsenic was the only analyte reported for both of these samples.
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Manhole W25
Three samples were collected from beneath Manhole W25. The holding times for

the volatile analyses were exceeded in all three samples. Although results

were reported, values may be lower than they would have been if the samples

had been analyzed within the recommended holding time. Volatile analyses

showed the presence of seven compounds in the 7.4 ft and 10.0 ft intervals.

These were carbon tetrachloride (3.6 and 3.7 ug/g), chloroform (100 and 8.9

uag/g), bicycloheptadiene (1.9 ug/g), methylene chloride (7.6 and 3.7 ug/g),

tetrachloroethylene (3.1 ug/g), toluene (4.3 and 8.0 ug/g), and m-xylene (5.4

ug/g). No volatile organic compounds were found in the 14.5 ft sample.

Eight semivolatile organic compounds were found in these borings, and were

identified as aldrin (7000, 730, and 340 ug/g), dieldrin (90, 7.6, and 3.2

ug/g), isodrin (200, 23, and 11 ug/g), dibromochloropropane (6000 and 490

ug/g), dichlorodiphenylethane (DDE) (1.1 ug/g), dichlorodiphenyl-

trichloroethane (DDT) (70, 20, and 10 ug/g), hexachlorocyclopentadiene (60 and

25 ug/g), and supona (1.3 ug/g).

Of the metals, arsenic was detected once above its indicator range at 11 ug/g

in the 10.0 ft interval. Mercury was also detected once above its indicator

range at 0.14 ug/g, also in the 10.0 ft interval. ICP metals were found in

all three samples from this manhole. Cadmium was detected above its indicator

range at 4.2 ug/g in the 14.5 ft interval. Copper was found within its

indicator range at 32 ug/g in the 10.0 ft interval and above its indicator

range at 41 and 40 ug/g in the 7.4 ft and 14.5 ft intervals, respectively.

Lead was found within its indicator range in all three samples at

concentrations of 28, 26, and 32 ug/g. Zinc was found above its indicator

range in all three samples at concentrations of 93, 100, and 100 ug/g.

Manhole WZ
Four samples were collected from beneath Manhole W27. Only analyses for the

ICP metals were reported for the 7.0 ft sample. Copper, lead and zinc were

all found above their indicator ranges at concentrations of 43, 49, and 140

ug/g, respectively.
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Results for the arsenic analysis were the only values reported for the

remaining three Intervals, 8.5 ft, 9.2 ft. and 14.0 ft. Arsenic was below the

certified reporting limit in all three samples.

Two samples were collected from beneath Manhole 4-3 at depths of 3.7 ft and

11.5 ft. No volatile organic compounds were found in either sample, although

the holding time for both samples was exceeded at the laboratory. The

analysis for semivolatile organic compounds showed aldrin at 1.0 ug/g in the

3.7 ft interval.

No metals were reported for the 3.7 ft interval. Arsenic was detected within

its indicator range at a concentration of 2.6 ug/g in the 11.5 ft interval.

Trengh CS01

Two samples were collected from beneath pipe joints in this trench, one at 4.1

ft and one at 4.0 ft. No volatile organic compounds were found in either

sample. Semivolat 4 le compounds found include aldrin at 1.63 ug/g in the 4.0

ft sample and dieldrin at 3.96 ug/g in the 4.1 ft interval and 7.56 ug/g in

the 4.0 ft interval.

Mercury was found above its indicator range in both samples at 0.58 ug/g (4.1

ft interval) and 1.03 ug/g (4.0 ft interval). Arsenic was found above its

indicator range at 11.1 ug/g (4.0 ft interval). Copper and lead were detected

within their indicator ranges in the 4.1 ft interval at concentrations of 31.7

ug/g and 29.4 ug/g, respectively. Zinc was found above its indicator range in

this interval at a concentration of 508 ug/g. Copper, lead, and zinc were all

detected above their indicator ranges in the 4.0 ft interval at concentrations

of 36.2 ug/g, 52.3 ug/g, and 1100 ug/g, respectively.

3.2 FIELD SURVEY

3.2.1 FieldProgram
Using the methodology presented in the Task 10 Technical Plan (Ebasco,

198Th/RIC 87336R30), 14 manholes were inspected and soil samples were

collected from beneath five manholes and from three sewer line trenches.
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Samples were also collected from eight trenches excavated by Morrison-Knudson

Engineers. These investigations yielded 87 samples for chemical analysis and

16 samples for physical analysis. Pressure lines were not hydrostatically

tested at the request of the Facilities Engineer. Plate CS-SP-l shows the

locations of manholes and trenches investigated as part of this study.

No borehole clearance for safety purposes was conducted along the sewer line,

as there was no likelihood of unexploded ordnance, buried metals, or other

buried objects.

Manholes were inspected to determine the condition of the corbels, rims,

walls, aprons, and channels and to verify the positions and alignments of

lines. Several of the manholes inspected were in poor condition, with damage

that included deteriorated aprons and channels, gaps at inlet and outlet

connections, and cracked or missing bricks and mortar in the corbels. Table

CS-SP-6 is a summary of the observations.

In addition to the manholes in the South Plants area, a manhole was located in

the southwestern corner of Section 36. The manhole is of brick and mortar

construction and is labeled with a yellow No. 1. It was found south of the

southwestern corner of the lime settling basins (Plate CS-SP-1). A line exits

this manhole and heads northeast to a concrete ditch where it emerges

immediately south of pit No. 2. This manhole appears to be part of the

original 30 inch chemical sewer line, which emptied into the lime settling

basins (WR&SK, 1943). The outlet from this line was found blocked with brick

and mortar.

Borings were completed beneath Manholes W21, W25, W27, 4-3, and 6-1. Samples

were collected at approximately 5 ft intervals from the bottom of the manhole

to the water table. The apron and channel of Manholes W21 and W25 are composed

of deteriorated brick. In Manhole W27, the corbel appears to have been

repaired or replaced. The apron is concrete and lies above the inlet and

outlet. A portion has been broken to provide access to the pipes. Borings in

Manholes 4-3 and 6-1 penetrated 0.3 to 1 ft of concrete before reaching soil.
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Dye and excavation studies were performed at the three trench sites: CS01,

located between Manholes W17 and WI8; CS02, located between Manholes W26 and

W27; and CS03, located between Manholes 12 and 13. During the dye study,

segments of the sewer line were blocked at the manholes with inflatable plugs,

and were filled completely with a solution of Rhodamine B, a red dye, for 24

hours.

Excavation exposed the top and one side of ten joints in Trenches CSO1 and

CS03 and nine joints in Trench CS02. A sample grid was set up in each trench,

which consisted of samples collected from beneath the pipe, from a boring

located 1 ft from the pipe drilled to the water table, and from a boring

located 5 ft from the pipe drilled to a depth of 15 ft below the pipe or to

the water table. The grid was centered on the joint that appeared to have

leaked the most dye. Samples for physical analyses also were taken from the

trenches beneath the pipe and along the haunch of the pipe. The distribution

of analytes detected within or above their indicator levels and the boring

grid locations in the trenches are presented in Figures CS-SP-6a through -61,

Section 3.2.4 of this report.

In Trench CS01, the pipe is vitrified clay, 6 inches in diameter with 3 ft

sections and mortar joints. Dye stains were noted on all joints (most

notably, Joint 6) and in the soil along the pipe between Joints 3 and 5. The

sample grid was set up on Joint 6 (Figure CS-SP-6b, Section 3.2.4).

Additional samples were collected at Joints 3 and 10 where yellow stains were

observed. A composite grab sample (Sample 10) of the yellow material was

collected from along the top of the pipe. Physical iamples were collected

upstream of Joint 5.

During drilling of Boring 8, a sample was planned for the 13 to 14 ft

interval, as measured from the ground surface. The sample was not recovered

because the polybutyrate tube became stuck in the barrel; therefore, a sample

was taken instead from the 14 to 15 ft interval. Boring 9 was drilled deeper

than planned, to the water table, in order to verify the water level observed

in Boring 8. A replacement sample, Btring 11, was collected because the

holding time for semivolatile analyses was exceeded at the laboratory for
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Boring 1. The replacement sample was analyzed only for semivolatile organic

compounds and thiodiglycol.

The section of sewer line exposed in Trench CS02 is 10 inch- in diameter and

is made of vitrified clay in 3 ft sections, and has cement mortar joints.

Only nine joints and eight pipe lengths were exposed at the excavation because

of underground pipes and a concrete foundation uncovered at the northern end

of the trench. Dye stains were noted at Joints 2, 3, 4, 5, and 8 and along

the lower half of the pipe between Joints 2 and 4. The pipe segment between

Joints 3 and 4 had two longitudinal cracks through which dye had leaked. It

was noted that prior to this investigation Joints 7, 8, and 9 had been patched

with concrete. As a result of these observations, a sampling grid was set up

around Joint 3 (Figure CS-SP-6c, Section 3.2.4). An additional sample was

collected from beneath Joint 8 because dye had leaked from the concrete

patch. Physical samples were collected at the midpoint of the section between

Joints 3 and 4.

The pipe excavated in Trench CS03 was 18 inch vitrified clay pipe with cement

mortar joints. Most pipe sections showed cracking on the bells and some

longitudinal cracks. Dye stains were noted on all joints, and Joint 6 showed

the most extensive staining. Dye also leaked from a longitudinal crack that

ran along the top of the pipe from Joint 2 past Joint 10, and from two

longitudinal cracks along the side of the pipe from Joint 4 to Joint 6. Based

on these observations, a sampling grid was set up around Joint 6 (Figure

CS-SP-6d, Section 3.2.4). An additional sample was taken from above the

section of pipe between Joints 5 and 6, and physical samples were taken at

Joint 5 and upstream of Joint 10.

Samples were also collected for physical and chemical analysis from the eight

MICE trench locations. Samples for chemical analysis were collected from

beneath exposed joints, and one sample for physical analysis was collected

from each trench. In Trenches MKE 2, MKE 6, MKE 7, MKE 19, and MKE 20, three

joints were exposed and samples were collected from beneath each joint. In

Trench MKE 4, four joints were exposed; however, a sample could not be
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recovered from Joint 1. Only two joints were exposed in Trench MKE 21. In

Trench MKE 3, three joints were exposed and there was no recovery at Joint 2.

The South Plants chemical sewer system was investigated during the winter of

1986-1987. A total of 69 borings, yielding 103 samples for chemical or

physical analysis, were completed in the South Plants chemical sewer as shown

in Table CS-SP-7.

Samples were analyzed by gas chromotography/mass spectrometry (GC/MS) for

volatile and semivolatile organic compounds; by an inductively coupled argon

plasma (ICP) screen for metals; and by separate analysis for arsenic, mercury,

and thiodiglycol. Samples from directly beneath the sewer line or in the

first interval in a trench were not analyzed for volatile organics because

these soils were in contact with the atmosphere. Any volatile organics would

have escaped by the time the samples were collected. Samples from MKE

trenches were not analyzed for volatile organics or thiodiglycol, and a

separate analysis was conducted for dibromochloropropane in samples from

Trenches MKE 2, 3, 4, and 6. Appendix CS-B presents the specific target

analytes for which laboratory analyses were conducted. Physical samples were

analyzed for fluid content, density, compaction, and grain size to de ermine

if the pipe had been properly designed and installed.

3.2.2 Field Observations

To ensure safety, in situ air monitoring was conducted during sampling

operations using a photoionization detector (HNU) and an organic vapor

analyzer (OVA). HNU readings were recorded above background levels in 37

samples. Elevated OVA readings were noted in 21 samples. These readings are

presented in Table CS-SP-8, Section 3.2.4 of this report.
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Table CS-SP-7

BORINGS, DEPTHS, AND SAMPLES

Page 1 of 3

Depth From Ground Depth Beneath
S Surface (ft) Sewer Invert (ft) No. of Samoles

Manhole W21 28.0 20.4 5

Manhole W25 27.2 20.8 5

Manhole W27 27.2 22.1 5

Manhole 4-3 25.5 17.6 5

Manhole 6-1 30.0 20.8 4

Depth From Ground Depth Beneath
Trench BoingNo,.. Surface (ft) Sewer Invert (ft) No. of Samples
CS01 1 5.0 1.0 1

(Bottom 2 5.0 1.0 1

of Pipe 3 5.0 1.0 1

Depth = 4 5.0 1.0 1

4.0 ft) 5 5.0 1.0 1

6 5.0 1.0 1

7 5.0 1.0 1

8 16.0 12.0 3

9 23.0 19.0 5

10+ NA NA 1

11 5.0 1.0 1

12* 5.0 1.0 2

CS02 1 8.8 1.0 1

(Bottom 2 8.8 1.0 1

of Pipe 3 8.8 1.0 1

Depth , 4 8.8 1.0 1

7.8 ft) 5 8.8 1.0 1

6 8.8 1.0 1

7 12.8 5.0 2

8 12.8 5.0 2
9* 8.8 1.0 2

+grab sample
*physical sample
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T

Table CS-SP-7 (Continued) Page 2 of 3

Depth ?rom Ground Depth Beneath
I rginch kdngs.o, Surface (ft) Sewer Invert (ft) No. of Samples
CS03 1 12.5 1.0 1

(Bottom 2 12.5 1.0 1

of Pipe 3 12.5 1.0 1

Depth = 4 12.5 1.0 1

11.5 ft) 5 12.5 1.0 1

6 26.5 15.0 4

7 26.5 15.0 4

8** 10.8 -0.7 1

9* 11.8 0.3 1

10* 12.3 0.8 1

11* 11.5 0.0 1

12* 12.5 1.0 1

NKE 2 1 6.8 1.1 1

(Bottom 2 6.5 0.7 1

of Pipe 3 6.8 1.2 1

Depth - Physical* 6.1 0.3 1

5.8 ft)

MKE 3 1 9.5 0.9 1

(Bottom 3 9.9 1.3 1

of Pipe Physical* 9.3 0.7 1

Depth =

8.6 ft)

NKE 4 2 8.5 0.9 1

(Bottom 3 8.5 0.9 1

of Pipe 4 7.9 0.3 1

Depth - Physical* 8.0 0.4 1

7.6 ft)

*physical sample
** Sample was taken above the pipe where dye was noted.

50
Site CS-Sp
0070U/0146A
Rev. 9/14/88



Table CS-SP-7 (Continued) Page 3 of 3

Depth From Ground Depth Beneath
Trench Boring&1o, Surface (ft) Sewer Invert (ft) No. of Lainpes
MKE 6 1 8.8 0.5 1

(Bottom 2 9.2 0.9 1

of Pipe 3 9.2 0.9 1

Depth - Physical* 8.5 0.2 1
8.3 ft)

MKE 7 1 6.4 0.7 1

(Bottom 2 6.7 1.0 1

of Pipe 3 6.5 0.8 1

Depth = Physical* 6.3 0.6 1

5.7 ft)

MKE 19 1 4.4 0.9 1

(Bottom 2 4.6 1.1 1

j of Pipe 3 4.2 0.7 1

Depth = Physical* 4.2 0.7 1

3.5 ft)

HKE 20 1 4.8 0.7 1

(Bottom 2 4.5 0.4 1

of Pipe 3 5.0 0.9 1

Depth = Physical* 4.5 0.4 1

4.1)

MKE 21 1 9.0 1.1 1

(Bottom 2 9.0 1.1 1

of Pipe Physical* 8.3 0.4 1

Depth a

7.9 ft)

*physical sample
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An M18A2 test kit was used to monitor for the presence of chemical agents in

the borehole and samples according to standard operating procedures. The

MIBA2 is used asma backup test if an M8 alarm is triggered, as a substitute

for an M8, and as a specific check for the presence of mustard. The M18A2

detects G agents, V agents, all forms of mustard, and lewisite. Specifically

at RMA, the M18A2 test kit is used to detect GB (sarin), VX, H (mustard), HD

(distilled mustard), and L (lewisite), based upon the knowledge that these

agents were manufactured, stored, or demilitarized at the site. The detection
3

limit for all mustard agents is 0.5 milligrams per cubic meter (mg/m ); the
3

detection limit for all G agents, VX, and L is 0.2 mg/m

No chemical agents were detected during the field program by the M18A2

monitoring. No unexploded ordnance, buried metal, or other objects were

detected during sampling.

3.2.3 Geophysical Exvloration

No geophysical exploration of the South Plants chemical sewer system was

conducted as unexploded ordnance, buried metal, or other buried objects were

not likely to be present.

3.2.4 Analyte Levels and Distribution

A wide range of target and nontarget analytes were detected in samples from

along the chemical sewer in South Plants. The number of samples containing

each analyte, and the concentration range, mean, median, standard deviation,

detection limit, and indicator level are listed in Table CS-SP-8. The results

of geologic field observations, air monitoring during drilling, and the

chemical analysis of earth soil sample are summarized in Table CS-SP-9.

Results from the analyses of the physical samples for fluid content, dry

density, compacted fluid content and compacted dry density are presented in

Table CS-SP-10. Grain size distributions as determined from the physical

samples are presented in Figures CS-SP-5a-p. The distribution of the analytes

detected within or above their indicator levels in the field program is

presented in Figures CS-SP-6a-l. A tabulation of all analytical data

associated with the field program is presented in Appendix MS-B.
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Progam Mnage's OficeforGrain Size Distribution Curve
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Legend

Chemical Sewer

toW21 ----- Chemical Sewe Reomovled

&.0-9.0 9CP by the Army in 1982

cl Com 51 i Steel Ch~emical Sewer Line
CHOC1 20DSCP 800/01L* W21
13DIA9 20 * Manhole with Number
Xylem@ 20
TCLEE 9
Toleeuie t0

29Aldrle, 50
Isedrin IAs 300
Cd 10

W2__ Cr 45
Cu 36 nirs

.575BH0 2Pb 25 ,Anll t
DSCP BIL/10* 01. Zn 94" Sampling 6.-5SHO 2-Leftl(ug/9)

TC2.0-4371 BC PD 01.7 Intervl

PPOW HC13below
P2FPDOT 302 OSCP 70/811L* groaild
Oleldrin 90 13 D111 I surface
Cu 15 MHI8K 3 IIITCE - 1,1,1 Trichloiroettionis

C" 41 MIK 5112 TCE - 1,1,2 Trichloroethans
Ho TCLEE 0. BCHPO - Bicyclohoptaidiene

ft 49 Toleene 3 CC14  - Carbon tetrachloride
____ Zn ISO As 46 Cl CONS - Chloraberizene

11.5-12.5 Sasame I C n CHC13  - chloroform
BCI4P0 30 TD6C 32 DBCP - Dibranxictloropropone
CC14  20 RX"~B~P 2 ETCeGlo - Ethylbeazene

aCHC13 5 CC14  0.7 13 DMB - mn- Xylene
DScp 200/50 C" 4  CH Cit - Methylene, chloride

TCL 0 CICI 36 2 MI1K - Mothytisobutyl ketlones
IToCuEa CH01 I/. Xyliene - a-and p- Xylsine
Aodrie" s0 DI8CP 6/.*TCLEE - Tatraichloro.Itheno
APUSOE 90 TCLEE 0.9 TRCLE - TrichloroethyiteneI fPPOOT 2 Aildrin 100 CPMSOg - Chlorophenylsmethyl sultans
Ojeldrin 2 Disldrin 10. DSCP - Dibromactaloropropon. (VO/SV0I

ls 6o 0. 01 .0 PPDDE - Dichloradiphenyletlaans
C P 06Parathin 30 POT-Dclrdpey~klreh

Isiodrin 6 Supona 3PPO - ihrolhntrcortae
Supona 2 As 12 Cl SCP - Hexochlorecyciopentodions

7Cu 36Pb 25-As - Arsenic
Mg 0.061 ______S Hg - Mercury

____Zn too 22.0-23.0 CHC13  0.8 TDGCL - Thiodiglycol

i6.2-17.2 BCH PD 4 Cu 40 Cl C2 A - Chloroacetic acid
CCI 4  100_____ Z 89 BIL - Belaw Indicator Level
CHCIS 10 27.0-28.0 Bennerie I
DOcp 400/100* CHC13 7
CH 2CI, 2 DBCP BIL/0.4* Vo analysis/ SVO analyvsi
TCLEE 0.9 Toluene 0.5
Toluene 10 Aldrin 10
Aldrin 100 Dieldrin I
PPODT 0.8 Cupa 42
Diledrin I u 4

Cl OCP 0.7 Zn 99

.6 Supona 0.7
Cr 72 Prepared for:

21 Cu 38
_____Zn 8

21.2-22.2 BCIPo I
CCI, 2 Program Manager's Office for
C.CI 5  7
DKP 30/9*
CN5CI2  2 ~* A

Toluene I Rocky Mountain Aqrsenal Clueanup
2 Cu 41

2 n fill

2&-7 CI4P 4 Aberdee Prvin Ground, Maryland
CH4C13 10
C~tCg 3 Drafted t12//8

At=r~ 7

Culye 3eece ZWithinP~a~ or

Abov Indcatr Leels for
Manholes W21, W25,W27,4-3, and6-1, Sec.1 and 2

5000 Rocky Mourdain Arsenal, Task 10

_rF EE rTPrelpared by:a Ebasco Services Inc.



Bore 14.07-5.0 CIZCH2 2 4.0-5.0 'Cu 2
TCL EE 1 29___ n 8
As 9.5 __n_8

Cu 40 8.0-9.0 Cu 31
Hg 0.10 _ __ Zn 76
Z___ Zn 140 13.0 -14.0 Cu 30

Bore 11 4.0 - 5.0 Aldrin I____ Zn 73
Dieldrin 0.5 18.0-19.0 Cu 46

1____ Zn 99
22.0-23.0 Cu 30

4.0-5.0 Disldrin 0.5 Zn 73
As 6.5ICu 35
Zn 110 4.0-5.0 13DMB 0.?

TCLEE 0.5
Disldrin 2

4.0-5.0 As 24 As 12
Cu 37 Cu 33

____Zn 110 Hg 0.075
8.0-9.0 TCLEE 3 _ Zn 120

1 4.0-15.0 TCLuE33 4.0-5.0 CI 2CH2  2
ZnTLE 61 CE

Dildi Diedi 2j~~~~~A 8.230 jlrn s 1
Cu 52

CrH 64.12.2
Cu 35 Zn126

49

G2 8
60VtiidCa Phyical Sapl CH 5 Meh 6n Clrd

TCLEE GRA TetaMPLreten

bn Dye Loato BOTTMB OF m- RENCH

______ielri Trenc interva TCE 6--Lvlu/)
As 5.3 ibllow

Hgun 0.1 5u 5

u4~ Direction ofFowBrin 64 Herle a o g 0.2FEE

Legeynd DCUce Within or0

R oky g Mountaion arsnal Clmeanu Dy/xavto Std,8rnh S0 S

Drafted: 7/27/8
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PROCSS WATER SLAB

10 -PD am

VITRIFIED C LAY 6- A______00

liea to be paroped withCo 3

1BOTTOM OF TRENCH0
approximate 7.5 ift.

PC

_3__A__ DOCP 4000/10000 D~eep 5000/SIL
TCEE30TCEEa cpo gIL/a

_____________ 200M 2
AldisAlri 500TCLEE 10
As 31It 044MECONG 50

____L3__59 PPDDT 2
u 2Aldrin 1000
No 0.5Oiledri n 70

____ 99_____ cloce 100
t aoumi 200

Supono 2
________12

Oletleot hoirlifts fracture 28.1
with d"e staining oespo.,
halfway ioe. the pipe ____

CC0 00 7 tma7.-e.0 SCHPD 6 eel 4 60
cl ý 0 ee 4 10CHCI a 20

_____4_-C"l DOC P 5000ASIL
OC700=DOCIP G0/BIL 13DUD 0.9

O3m CPD) 2/81L TCLEE 10
TCE 0TCLEE 4 MEC4H5  90
MEAtoMECqN 0.4 Aldrin 200

920soIsdr 40 Idi Sp so
II Bolse1Iodrin 20

70Cu 25 As 12
As SO "a / 14.64 Its 044

As I __ JOIN_1___PAf

Cd 4  200
Cl Colts 4
CtICi 3 40
DSCP 2000/20000

-- 8A. DSCP *IL/0.4 ETCOB 30 /nalyte

Z 7TCLEE 90 Sampling e..-SUCD9
MECtill 60 Interval

LO1. enoe 2Xylons 9 (ft)
H4 e 4ZOAldit,. 40000 below Level (uq/g)

I ledrili 1000 ground
C1CN 4Cu to surface

W2 OC ID/20Zn 74
TOLJE! 10 BIL -Below Indicator Level
MIECel 300 ETC..,,. Ethylbenzene
Aldui 1000 BCHPO-Bicyclohe tadiene

ClCHO. Chlorobenans
C14CI 3 - Chloro form

S Boring Location and Number DBCP - Dibromoabloropropane (VO/SVO)
9~PyialSml DCPD - Dicyclopentadione (VO/Svo)

.0111 Dye Location Trench TCLEE- Tetrachioroethene IMECOHO- Toluene5
S Concrete Xylene- O-8-P-Xylene05

C1 aCP- Hexachlarocyalopentodiene FEET* * Direction of Flow PP DT- D ichlorod iphony Itrichloroetthone

*Prepared for: FIGURE CS-SP-6c

Program Manager's Office for Anotytes Detected Within or
Above Indicator Levels

Rocky Mountain Arsenal Cleanup Dye/Elteovation Study,TrenchCSO2, Sec.l

Aberdeen Proving Groundi Maryland Rocky Mountain Arsenal, Task 10
Prepared by: Ebasco Services Incorporated

Ii Drafted, 7/27/807
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115 125 TC E
Ci 6CP 3000

Hg 0.066

PROCESS WATER n2

* ~~LINEZn6
8ft. from surface Jit111.5-12.5 TC EECCI4 9

Cl 6CP 4000

Hg 0.093

BOTTOM OF

ifapproximate 11 ft.

115125C6C10

Cu 2

_________ ~ ~ ~ ~ ~ ~ ~ 5.-1. CupI~gb .- 1. TCE 3--LvIu,_____ n834

CCI4~~~Z 75abnTtrcird
Trenh CHI 3 -Chloofor

D1ret.o of 3l.6 6 P-HeohooylpetdeeFE

and~~~~ ~ 1151. Carln Frcue TL28Ter c k ~ t e e~

Manaer' Ofic f72bv nictrLvl
Mountain Arsenal Cleanup5 16.5 EAaato Stdrn S 3Se.5 2

Proving ~ ~ ~ ~ ~ ~ ~ ~ ~ C Grud3ayadRcyMonanAsnl ak1
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10" Vitrified 5 8-6.8 PPDOT 20
Clay Pipe Aldrin 100

Atrazine 10
Disldrin 30Isodren 30Supona 30
DBCP 6900/100

JOINT 3
Mortar pulled away 130

tram bell Cd 5.8
Cu 84
Hg 47
Pb 38

Lateral crack extends from / ________ Zn 230
bell of Joint 2 to undersideof pipe near Joint 3

Mortar missing from

Aldrin 100

BOTTOM OF TRENCH Dieldren 10
approximate 5 ft. ) CI6 CP

Isodrin 10
/ .* / Parathion 20

OBCP 370/80
As 190

JOINT I Cd 5.8
Cu 1500
Hg 0.7Pb 89
Zn 120

/�N 4 5.9-6.8 PPDOT 30�3 0, Aldrin 100
Dieldrin 70

W26 CI 6CP 30
Isodrin 30
Supona 30

Legend DBCP 32000/OIL
-- As 140

Cd 4.2
0 PhysIcal Sample Cu 55

Hg 2.3

Pb 73
Boring Location and Number ________ Zn 86 ______

��'- Joint Sealant, Cement Mortar B IL - Below Indicator Level

DBCP - Di�romochloropropone
(separate analysis/semivolatiie) -

Cracks and Hairline Fracture CI 6CP- Hexachlorocyclopentodiene II
�,..�ApoiYtePPDDT- Oichlorodiphenyltrichloroethane

Trench
SompIIng-�- 9-S.C PPOOT 6O�-Lav*9(ug/g) 0 2

Interval
-� (fi)7 Direction of Flow below FEET

ground
surface _______________________________________________________________________

Prepared for: FIGURE CSSP6e
Analytes Detected Within or

Program Managers Office for . Above Indicator Levels
Rocky Mountain Arsenal Cleanup Trench MKE 2, Sec. I

Aberdeen Proving Ground, Maryland Rocky Mountain Arsenal, Task tO
Prepared by Ebasco Services Incorporated

Dra ted: 7/28/87 ___________________________________________
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SOUTH OF
DOeldrin 20
DBCP 13/9
Isodrin 30
Supona 2
Cd 2.8
Cu 75

Hg 0.27Zn 83

JOINT 3
Top portion of bell broken,

cracks extend the length of
pipe to Joint 2,this segment BOTTOM OF TRENCH
of pipe is loose approximate 8.5 ft.

8.7-9.5 PPDOE 4
PPDOT 30
Aldrin 100

J 2 Atroxine 4• L J S , I D ie ld rin 10 0?
Top portion of bell broken, lsodrin 10
crack in bell extends to Supona 4
Joint I OBCP 95/70

As 150I
Cd 3.1
Hg 0.58

JOINT I
Top portion of bell broken,
cracks in remaining bell

10 Vitrified Clay Pipe
I I

Horizontal crack on bell
extends into soil

Legend

® Boring Location and Number +

0 Physical Sample PPDDE - Dichlorodiphenylethane
PPDDT - Dichlorodiphenyltrichloroethene

Joint Sealant, Cement Mortar DBCP - Dibromochloropropone
(separate onalysis/semivolatile)

Crack or Hairline Fracture

Trench Sapig.-,e794PDEO.,-Loevllug/0)Interval0 2
(ft)

below FEET

Direction of Flow 
rurfacE

Prepared for: FIGURE CS-SP-6f
Analytes Detected Within or

Program Manager's Office for Above Indicator Levels

Rocky Mountain Arsenal Cleanup Trench MKE 3, Sec. I

Aberdeen Proving Groundi Maryland Rocky Mountain Arsenal, Task 10

Prepared by: Ebasco Services Incorporated

IDrafted: 7/27/87 ______________________

1 00



11 ~JOINT 4
aHO Cak nbl BOTTOM OF TRENCH

,&.- Crckson ellJOINT 3 approximately 7.4 ft.
If ~~Major cracks onbe,

W21 /pleces of bell loose

2______2

7.6-7.9 PPDOT 30

Aildrin 20
CI6CP 30
Isodrin I2 E
DBCP 60/50
As 170

Hg 2.2 Cloy Pipe
____Zn 72

7.7-8.2 PPDDE 2
PPDDT 40 7.7-8.2 PPDDE 0.8
Aldrin 20 PPDDT 10
Disldrin 3 D~eldrin 30
Isodrin 2 CI6CP 20
Supona 2 isodrin 40
DBCP 70/20 S upona 20

DBCP 540/200As 120
Cd 7.7As 12

__FnZ 90

Legend

Boring Location and Number

41 Physical Sample

PPDDE -Dichlorodiphenylethane

Joint Sealant,Cement Mortar PPDDT -Dichlorodipheny ltr iChloroethon~ek

DBCP -Dibromochloropropane -N-
Cracs o Harlie Factres(separate analysis /semivolat ile)

CI 6 CP -Hexachlorocyclopentadiene

Trench ItervaytL
TrnhSampling -7 .7-8.2 PPOOE 2 ~-Leve I(ug/9)

(f t) 0 2

Direction of Flow grlound________
surface FEET

Prepared for: FIGURE CS-SP-6g

Progam Mnage's OficeforAnalytes Detected Within or
Progam Mnagrs OficeforAbove Indicotor Levels

Rocky Mountain Arsenal Cleanup Trench MIKE 4, Sec. I

Aberdeen Proving Ground, MarylandRokMunanAsalTsk 0
Prepared by: Ebasco Services Incorporated

SDra f ted: 8/4/87
& 101



8.6 -9.2 Aldr in 600

Cd 6.3BOTTOM OF TRENCH
Cu 43approximately a ft.

8.2 -9.2 Aldrin 300JON2
Dieldin 40Broken bell and

Brokenn 20l r
DBCP 60/10 2crcked pipe

J ~ ~ ~ A 8.- .00 DD

® ~ Boi 2Lcto7n ume ieto fFo

P h si a Sa pl D B CP - Di ro m chl rop ne

Trenchke tellva an2
gcracke F iET

Prepared for 8 FIGURE 7P
Analyte Deece0Wti0o

Drafted 7/2/8
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0,tt NO(

(NORTH OF 5.8 - 6.5 BIL

3-2)

Some knortar missing
from Joint 3

"--'--" -- 5.7 - 6.7 B1IL

JOINT 2
Mortar around Joint shows Clay Pipe
some cracking 2

l~i/ 5.7 -6.4 BI

JOINT I ]
Some mortar missing
from Joint I

I Bottom of trench
approximate 5 feet

Boring Locationand Number

0 Physical Sample

N
Joint Sealant, Cement Mortar

BIL-Below Indicator Level

Trench Sampling -- =5.7-6.7 OIL.,n 0 2

,nterve,
(t) FEET

4~E below
Direction of Flow gurface

Prepared for: FIGURE CS-SP-61
Analytes Detected Within or

Program Manager's Office for Above Indicator Levels

Rocky Mountain Arsenal Cleanup Trench MKE 7, Sec. 35

Aberdeen Proving Groundi Maryland Rocky Mountain Arsenal, Task 10

Prepared by: Ebasco Services Incorporated
Drafted: 7/28/87
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3.6-4.4 As 7.1 3.6-4.6 As 5.1 3,4-4.21 As 14
Cu 71 Cu 44 Cu 41

H9 3.5 Hg 0.18 Hg 5.4
Hn %7 Zn 95 Zn 85

2 I

rn'

BOTTOM OF TRENCH
approximate 3 ft

12" Vitrified Cloy Pipe

JOINT I JOINT 2 JOINT 3

Cracks in bell Crocks in bell
mortar extends from

Legend joint onto pipe

Boring Location and Number

0 Physical Sample

Joint Sealant, Cement Mortar

(•, Trench

+ Direction of Flow -N-
"Analrte

Sampling b 3.4-4.2 As 14 -a-- Level(ug/A)
Interval

%elowground
$Urfa** 0 2

FFEET

Prepared fort FIGURE CS-SP-6j
Analytes Detected Within or

Program Manager's Office for Above Indicator Levels

Rocky Mountain Arsenal Cleanup Trench MKE 19, Sec. I

Aberdeen Proving Groundi Maryland Rocky Mountain Arsenal, Task 10

Prepared by: Ebasco Services Incorporated

Drafted: 7/28/87
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14.2-4.8 Aldr in 0.6 4.1-5.0 Dieldrin 0.3
OBCP 0.6 A .
As 4.4Hg 01

Pb 29 4.0- 4.5 Cu 80

I ~ 5 b5

OIT

BOTTOM OF TRENCH

I approximate 3.5 ft.

Legend

- Boring Location and Number

0 Physical Sample

Trench

Direction of Flow

-N-

DBfZP - Dibromochloropropane

Soampling ...- 4.2-4.8 Aidfin 2-. Love I ug/g)

below 0o
ground __________

surface 
FE

Prepared for: FIGURE CS-SP-6k
Progam Mnage's oficeforAnalytes Detected Within or
Progam Mnagrs OficeforAbove Indicator Level

Rocky Mountain Arsenal Cleanup Trench MKE 20, Sec. I

IAberdeen Proving Ground, Maryland Rocky Mountain Arsenal, Task 10

Prepared by : Ebasco Services Incorporated

Drafted: 8/3/87 ___________________
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7.8-9.0 OIL 8.0-9.0 Pb 28
Zn 68

8" Concrete Pipe

6-3

BOTTOM OF TRENCH
approximate 7 ft.

-- eg end~q

0 Boring Location and Number

0 Physical Sample

Trench

411 111111 Direct ion of Flow

~Anotyte4
Sampling -a- 7.8-8.8 Pb 28 ~-Level(ugM)

Interval
If 1)

belowN
ground
surface

OIL -- Below indicator Level02

FEET

Prepared for: FIGURE CS-SP-61
Progam Mnage's OficeforAnalytes Detected Within or

PRogay MonainAgrseOffiClefaru Above Indicator Level
Rock Montai ArenalClenupTrench MKE 21, Sec. 2

Aberdeen Proving Ground, Maryland Rocky Mountain Arsenal, Task 10

Prepared by: Ebasco Services Incorporated
IOraf ted: 8/4/87 1_____________________
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Indicator levels and ranges were established to assess the significance of

metal and organic analytical values. The indicator levels are the method

detection limits for organic compounds. The indicator ranges for metals

reflect the concentrations expected to occur naturally in IMA alluvial soils.

Selection of these ranges is discussed in the Introduction to the

Contamination Assessment Reports (ESE, 1986b).

In addition, numerous compounds were detected by GC/MS that were not included

in the target compound list and that were not conclusively identified. Table

CS-SP-11 lists the boring number, sample interval depth, relative retention

time (shown as "unknown number" on the table), concentration, sample number,

lot, and best-fit identification for these nontarget compounds. It should be

noted that an individual compound may have more than one retention time, and

also that a particular retention time may be assigned to more than one

compound. Therefore, Table CS-SP-l1 provides only a general indication of

additional compounds that may be present.

Described below are the levels and distribution of target and nontarget

analytes detected at each location investigated along the sewer line. These

locations are identified on Plate CS-SF-I.

M~anhole W21

In Manhole W21 (Figure CS-SP-6a), 18 volatile and semivolatile compounds and

all of the metals except mercury were above indicator level in at least one

sample. In general, concentrations of volatile compounds and several metals

decrease with depth. The highest concentrations of semivolatile compounds

were detected in the 17.0 to 18.0 ft interval.

Volatile compounds detected include: benzene (1 ug/g), bicycloheptadiene

(0.7-2 ug/g), carbon tetrachloride (0.4-5 ug/g), chloroform (0.8-20 ug/g),

chlorobenzene (2 and 5 ug/g), dibromochloropropane (6-800 ug/g), m-xylene (1

and 20 ug/g), methylene chloride (3 ug/g), methylisobutyl ketone (5 ug/g), o-

and p-xylene (20 ug/g), tetrachloroethylene (0.7-9 ug/g), and toluene (0.5-20

ug/g). The following semivolatile compounds were detected: aldrin (10-100

ug/g), dibromochloropropane (0.4 and 0.5 ug/g), dieldrin (0.8 and 1 ug/g),

isodrin (1 and 10 ug/g), parathion (30 ug/g), and supona (3 and 4 ug/g).

107
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Zinc was found in all intervals at concentrations ranging from 85 to 99 ug/g.

Copper was found in four samples at 34 to 42 ug/g. Arsenic was detected in

the uppermost samples, ranging from 12 to 300 ug/g. Cadmium and chromium were

above their indicator ranges in the 8.0 to 9.0 ft interval at 10 ug/g, and 45

ug/g, respectively. Lead was within its indicator range at 25 ug/g in the 8.0

to 9.0 ft and 17.0 to 18.0 ft intervals.

Several halogenated and nonhalogenated nontarget compounds were tentatively

identified in this boring. Nonhalogenated hydrocarbons detected had a maximum

concentration of 1 ppm. In the 27.0 to 28.0 ft interval, an isomer of aldrin

was tentatively identified at 100 ppm. A dichlorinated organo phosphoric acid

was ten:atively identified at 1 ppm in the 17.0 to 18.0 ft interval. This

compound is possibly related to organo phosphate pesticides ,nd was detected

in the same interval as parathion.

Elevated levels of 26 compounds were detected in samples from Manhole W25

(Figure CS-SP-6a). The uppermost interval (6.9-7.9 ft) contained all 26 of

these compounds. All compounds except chloroform, methylene chloride, copper

and zinc showed rapidly decreasing concentrations with increasing depth.

Chloroform, chromium, copper, lead and zinc were the only analytes detected in

the third, fourth, and fifth intervals (16.2-17.2, 21.2-22.1, and 26.2-27.2

ft). Samples from the first two intervals (6.9-7.9 and 11.8-12.8 ft)

contained the following volatile organic compounds: 1,1,2-trichloroethane (20

and 1 ug/g), bicycloheptadiene (20 and 8 ug/g), carbon tetrachloride (20 and 4

ug/g), chloroform (400 and 6 ug/g), chlorobenzene (20 ug/g),

dibromochloropropane (6,000 and 2,000 ug/g), etbylbenzene (20 ug/g), m-xylene

(100 and 1 ug/g), methylene chloride (6 and 9 ug/g), o- and p-xylene (40

ug/g), tetrachloroethylene (40 and 5 ug/g), and toluene (300 and 7 ug/g).

Semivolatile organic compounds detected in the first two intervals included

aldrin (10,000 and 200 ug/g), dibromochloropropane (10,000 and 80 ug/g),

dichlorodiphenyltrichloroethane (DDT) (70 and 5 ug/g), dieldrin (100 ug/g),

hexachlorocyclopentadiene (90 ug/g), and isodrin (300 ug/g). The third,

fourth, and fifth intervals yielded only one volatile compound, chloroform at

I 1 ug/g in the 26.2 to 27.2 ft interval, and no semivolatile compounds.
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Cadmium, copper, zinc, arsenic, and mercury were all within or above their

indicator ranges in samples from Boring W25. Cadmium was above its indicator

range in the first interval under the manhole (6.9 to 7.9 ft) at 5.0 ug/g.

Copper was found slightly above its indicator range in the first four sampling

intervals at concentrations of 37 to 43 ug/g, and within its indicator range

in the last sampling interval at a concentration of 26 ug/g. Zinc was above

its indicator range in all five samples, with concentrations of 85 to 110

ug/g. Arsenic was found at 130 ug/g in the first sampling interval, well

above its indicator range. Mercury was found in the first two sampling

intervals at concentrations of 8.8 ug/g (6.9 to 7.9 ft) and 0.065 ug/g (11.8

to 12.8 ft).

Thiodiglycol and chloroacetic acid were detected in the first sampling

interval (6.9 to 7.9 ft) at 14 ug/g and 230 ug/g, respectively. These

compounds were not detected in any of the other samples.

Several nontarget compounds were tentatively identified in the CC/MS scan in

the 6.9 to 7.9 and 11.8 to 12.8 ft intervals. The compounds included

dichloropropene (900 and 40 ppm), unknowns'with 3 chlorines (700 and 300 ppm),

1,3,5-trimethyl benzene (300 ppm), and several other halogenated compounds at

j concentrations ranging from 2 to 90 ppm. Also present in samples from Manhole

W27 were compounds tentatively identified as hexadecanoic acid, nonanedioic

acid, and dibutyl ester at concentrations of 0.7 ppm or less.

Ini Manhole W27 (Figure CS-SP-6a), 22 pesticides, solvents, process

intermediates, metals, and breakdown products were above their indicator

levels. In general, the three uppermost samples beneath the manhole (6.5-7.5,

11.5-12.5, and 16.2-17.2 ft intervals) contained more detectable analytes and

higher concentrations of analytes than the two deeper intervals. Many

nontarget halogenated and nonhalorenated compounds also were tentatively

identified in the boring, generally decreasing in number and concentration

with depth.

Seven volatile compounds were detected in at least three of the samples,

including: bicycloheptadiene (1-30 ug/g), carbon tetrachloride (2-20 ug/g),
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chloroform (5-10 ug/g), methylene chloride (2-3 ug/g), tetrachloroethylene

(.9-10 ug/g), and toluene (1-50 ug/g). Dibromochloropropane was detected in

the volatile analysis at concentrations that ranged from 30 to 400 ug/g and in

the semivolatile analysis at 9 to 100 ug/g. The 11.5 to 12.5 ft interval

contained benzene at 1 ug/g. Concentrations of aldrin, detected in four

samples, ranged from 7 to 100 ug/g. Other semivolatile compounds detected

were: chlorophenylmethyl sufone in one sample (0.3 ug/g), dichlorodiphenyl-

ethane (DDE) in one sample (2 ug/g), dichlorodiphenyltrichloroethane (DDT) in

three samples (0.8-30 ug/g), dieldrin in three samples (1-90 ug/g),

hexachlorocyclopentadiene in two samples (0.7 and 0.8 ug/g), isodrin in two

samples (3 and 6 ug/g), and supona in two samples (0.7 and 2 ug/g).

Copper and zinc were above their indicator ranges in all samples at

concentrations ranging from 36 to 41 ug/g and 84 to 130 ug/g, respectively.

Chromium and lead were above their indicator ranges in one sample each.

Chromium was found at 72 ug/g in the 16.2 to 17.2 ft interval and lead was

found at 49 ug/g in the 6.5 to 7.5 ft interval. Arsenic was found in the 6.5

to 7.5 ft interval at 15 ug/g, and mercury was found in the two uppermost

samples at 2.0 and .061 ug/g.

The number of nontarget compounds tentatively identified in this boring

decreases significantly with depth. In the 6.5 to 7.5 interval, 17

nonhalogenated compounds were tentatively identified at concentrations less

than or equal to 3.0 ppm, and 41 halogenated compounds were tentatively

identified with a maximum concentration of 50 ppm. The 11.5 to 12.5 ft

interval contained 4 nonhalogenated and 6 halogenated compounds at

concentrations ranging from 0.4 to 1 ppm and 0.4 to 20 ppm, respectively. No

1. nonhalogenated hydrocarbons were tentatively identified beneath this sample.

A total of 8 halogenated compounds were tentatively identified in the three

deepest samples with a maximum concentration of 6 ppm. Also present in the

three deepest samples were naturally occurring acids and esters at low

concentrations.
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In Manhole 4-3 (Figure CS-SP-6a), methylene chloride, trichloroethylene,
aldrin, zinc, and copper were within or above their indicator levels.

Methylene chloride was found at 1 ug/S in the three uppermost samples,

trichloroethylene was found at 0.6 ug/g in the 8.2 to 9.2 ft interval, and

aldrin was detected at 2 ug/g in the 3.2 to 4.2 ft interval. Zinc was within

its indicator range in the 17.2 to 18.2 and 22.2 to 23.2 ft intervals at 72

and 73 ug/g, respectively, and was above its indicator range in the 12.2 to

13.2 ft interval at 82 ug/g. Copper was found at 20 ug/g in the 17.2 to 18.2

ft interval.

Two nontarget compounds were tentatively identified in the 17.2 to 18.2 ft

interval -- bromodichloromethane (9 ppm) and an alkylated phenol (0.4 ppm).

M~anhole 6-

Samples from Manhole 6-1 (Figure CS-SP-6a) contained 1,1,1-trichloroethane,

1,1,2-trichloroethane, carbon tetrachloride, tetrachloroethylene, copper,

lead, and zinc within or above their indicator levels. The second sampling

interval (17.5 to 18.5 ft) contained 0.8 ug/g of 1,1,2-trichloroethane. In

the 23.5 to 24.5 ft interval, 1,1,1-trichloroethane, carbon tetrachloride, and

tetrachloroethylene were detected at 0.5 ug/g, 0.6 ug/g, and I ug/g,

respectively. Copper and zinc were above their indicator ranges in the 12.5

to 13.5, 17.5 to 18.5, and 23.5 to 24.5 ft intervals at concentrations that

ranged from 42 to 47 ug/g and 85 to 110 ug/g, respectively. The 29.0 to 30.0

ft interval contained copper at 30 ug/g and zinc at 80 ug/g. Lead was within

its indicator range at 36 ug/g in the 12.5 to 13.5 ft interval.

No nontp-get compounds of note were tentatively identified in samples

collected from below Manhole 6-1. Some naturally occurring acids and esters

were tentatively identified at concentrations of 2 ppm or less.

Trnch CS01

In Trench CSO1 (Figure CS-SP-6b), dieldrin was detected in.Borings 2 through

7, and in Boring 11 in the 4.0 to 5.0 ft interval (directly beneath pipeI
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joints) at concentrations ranging from 0.3 ug/g to 2 ug/g. It was also

detected in the composite grab sample (Sample 10) at 5 ug/g.

Tetrachloroethylene was detected directly beneath the pipe in Borings 1, 4, 5,

6, and 7 at concentrations ranging from 0.5 to 6 ug/g and in Boring 8 in the

second interval at 3 ug/g.

Methylene chloride was found in Borings 1, 6, and 7, all at 2 ug/g, and aldrin

was detected in Borings 4 and 11 at 0.4 and 1 ug/g, respectively. Copper was

found in all samples from Borings 1 through 10 within or above its indicator

range at concentrations ranging from 29 to 51 ug/g. Grab Sample 10 contained

chromium above its indicator range at 64 ug/g and lead within its indicator

range at 39 ug/g. Zinc was within its indicator range in the 8.0 to 9.0, 13.0

to 14.0, and 22.0 to 23.0 ft intervals of Boring 9 at 76, 73, and 73 ug/g,

respectively. In all other samples in the trench, zinc was above its

indicator range, with a maximum concentration of 820 ug/g in the composite

grab sample (Sample 10). Arsenic was found directly under the pipe in Borings

1 through 8 and in Grab Sample 10 at concentrations ranging from 5.3 to 24

ug/g. Mercury was found in Borings 1, 4, 5, 6, 7, and 10 at concentrations

ranging from 0.075 to 2.3 ug/g.

Several halogenated nontarget compounds were tentatively identified in Borings

2 through 7 and 11, which are located directly beneath the pipe. The highest

concentration, 20 ppm, occurred in Boring 6 for a compound tentatively

identified as 2-[ (4-chloro-6-(ethylamino)-I,3,5-triazine-2-yl)amino]-2-methyl

propanenitrile. In Boring 8, the 4.0 to 5.0 and 8.0 to 9.0 ft intervals

contained a few halogenated compounds with maximum concentrations of 9 ppm,

and a nonhalogenated hydrocarbon with a maximum concentration of 0.8 ppm.

Nontarget compounds of n..x tentatively identified in Boring 9 were

halogenated organic compounds at 1 ppm each in the 8.0 to 9.0 and 18.0 to 19.0

f ft intervals. The composite grab sample (10) contained two chlorinated

hydrocarbons (20 and 40 ppm) and an unknown aromatic at a concentration of 80

ppm.
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Soil gradation analysis of the physical sample from Boring 12 showed a high

percentage by weight of fines in the bedding material (Figures CS-SP-5a and

5b). Silt or clay constituted 50 to 60 percent, fine sand 30 percent, and

medium to coarse grained sand 10 to 20 percent, indicating that native

material was used for bedding. Though this material was well compacted, the

overall foundation for the pipes appeared adequate but not of high quality.

Calculations for the structural stability of the pipe are included in Appendix

CS-C.

Ten samples were collected from Trench CS02, 8 from the 7.8 to 8.8 ft

interval, and two from the 11.8 to 12.8 ft interval (Figure CS-SP-6c).

Analyte concentrations did not decrease with either depth or horizontal

distance from the pipe. More than half of the samples contained

bicycloheptadiene (0.9-70 ug/g), carbon tetrachloride (5-200 ug/g), chloroform

(2-50 ug/g), m-xylene (0.9-10 ug/g), tetrachloroethylene (2-90 ug/g), toluene

(0.4-300 ug/g), aldrin (3-40,000 ug/g), isodrin (20-1000 ug/g), copper (34

ug/g, maximum), zinc (99 ug/g, maximum), arsenic (10-80 ug/g), and mercury

(0.057-1.3 ug/g).

Dibromochloropropane was detected in nine samples in the volatile analysis

(60-7000 ug/g) and in seven samples in the semivolatile analysis (0.4-20,000

ug/g). Dicyclopentadiene was detected once in the volatile analysis at 2 ug/g

"in Boring 7 and once in the semivolatile analysis at 8 ug/g in Boring 4.

Benzene, o- and p-xylene, and ethylbenzene were detected only in saturated

samples at the water table at concentrations equal to or less than 9 ug/g; and

chlorobenzene was detected in Boring 1 (20 ug/g) and Boring 4 (2 ug/g) and in

the 11.8 to 12.8 ft intervals of Borings 7 and 8 at 4 ug/g.

[In samples from directly beneath pipe joints, dichlorodiphenyltrichloroethane

(DDT) was detected twice at concentrations ranging from 2 to 500 ug/g,

dieldrin was detected four times between 6 and 200 ug/g, and

L hexachlorocyclopentadiene was detected three times at levels between 50 and

500 ug/g. Supona was detected in Boring 4 at 2 ug/g.

148
Site CS-SP
0097U/0185A
Rev. 9/14/88

T-+



Cadmium, copper, lead, zinc, arsenic, and mercury were found within or above

their indicator ranges. Cadmium was found only once, in Boring 2 at 1.3

ug/g. Copper was within its indicator range in Borings 2, 4, 6, 7, and 8 at

concentrations of 24 to 34 ug/g. Lead was found in four samples from Borings

1, 3, 5, and 6 at concentrations of 59 to 79 ug/g. Zinc was found within its

indicator range in three samples from Borings 7 and 8 (67 to 77 ug/g) and

above its indicator range in borings 2 and 6 (99 and 90 ug/g). Arsenic was

found above its indicator range in Borings 1, 2, 3, 4, and 7 at concentrations

of 11 to 80 ug/g. Mercury was above its indicator range in all samples except

those from Boring 8, where it was found once within its indicator range at

0.057 ug/g (11.8-12.8 ft). Elevated concentrations of mercury ranged from

0.19 to 1.3 ug/g.

In addition, numerous nontarget compounds were tentatively identified in the

GC/MS scan. Both hydrocarbons and halogenated organic compounds tentatively

were identified in all but 3 borings (Borings 2, 5, and 6 contained only

halogenated organic compounds). Concentrations of halogenated compounds

ranged from 2, to 500 ppm and included isomers of aldrin, endrin, isodrin, 'nd

dibromochloropropane. Hydrocarbons were tentatively identified at

concentrations ranging from 3 to 700 ppm. The highest concentrations of both

types of compounds were detected in the 11.8 to 12.8 ft interval of Boring 7,

including an unsaturated acyclic hydrocarbon (700 ppm), an unknown aromatic

(400 ppm), and an isomer of bromochloropropane (500 ppm).

Analysis of soil gradation (Figures CS-SP-5c and 5d) shows that the bedding

material is composed of 40 to 60 percent silt or clay, 30 to 40 percent fine

grained sand, and 10 to 30 percent medium to coarse grained sand or gravel.

The high percentage of fines indicates that native material was used for the

pipe foundation. Calculations (Appendix CS-C) for the structural stability of

the pipe under worst trench earth loading conditions and for poor Class D

bedding in accordance with ASTh C12-82 (ASTM, 1986) show that the pipe was

designed properly. However, longitudinal cracks seen on the pipe section

between Joints 3 and 4 indicated a structural failure, possibly caused by

inadequate compaction of material under the haunches ot the pipe.
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Chloroform, carbon tetrachloride, tetrachloroethylene, 1,2-dichloroethane,

dieldrin, hexachlorocyclopentadiene, coper, lead, zinc, arsenic, and mercury

were within or above their indicator levels in Trench CS03 (Figure CS-SP-6d).

Hexachlorocyclopentadiene was detected in Borings 1, 2, 3, and 4 at 3,000

ug/g, 4,000 ug/g, 300 ug/g, and 2,000 ug/g, respectively. Boring 4 contained

other organic compounds including carbon tetrachloride (3 ug/g), chloroform (2

ug/g), tetrachloroethylene (10 ug/g), 1,2-dichloroethane (40 ug/g), and

dieldrin (1 ug/g). Carbon tetrachloride was detected at 9 ug/g in Boring 2,

and tetrachloroethylene was detected at 3 ug/g in Borings 1 and 2.

Copper and zinc were within and above their indicator ranges in ten end twelve

samples, respectively, with maximum concentrations of 46 and 100 ug/g,

respectively. Lead was detected at 640 ug/g in Boring I and 150 ug/g in

Boring 2. Arsenic was found within its indicator range in 5 samples. Mercury

was found within its indicator range in 3 samples and above its indicator

range (0.020 tig/g) in Boring 6.

in the GCUMS scan, many halogenated nontarget organic compounds were

tentatively identified in Borings 1 through 6 at concentrations that ranged

from 2 to 300 ug/g. The compounds included isomers or metabolites of aldrin

and isodrin (Boring 4) and chlordene (Boring 2). Two alkenes were tentatively

identified in Boring 7 at low concentrations (0.3 and 0.4 ppm).

Analysis of soil gradation (Figures CS-SP-Se, 5f, 5g, and 5h) shows the

bedding material to consist of 10 to 20 percent coarse to medium sand and

gravel, 30 to 60 percent fine sand, and 20 to 60 percent silt or clay, which
indicates that native material was used for the pipe foundation. Calculations
for the structural stability of the pipe (Appendix CS-C) under worst trench

earth loading conditions and for poor Class D bedding in accordance with ASTh

C12-82 (ASIN, 1986) show a marginal factor of safety, primarily due to the

depth of backfill above the pipe. The safety factor combined with possibly

inadequate compaction of the backfill material beneath the haunches of the

pipe may explain the structural failure (the longitudinal cracking) of the

pipe.
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Samples were collected from beneath three pipe joints in Trench MKE 2 (Figure

CS-SP-6e). These samples contained elevated levels of pesticides, herbicides,

process intermediates, nd metals. Semivolatile organic compounds detected in

at least two of the three samples include dichlorodiphenyltrichloroethane

(DDT) (7 to 30 ug/g), aldrin (100 ug/g in all three samples), atrazine (10

ug/g), dieldrin (10 to 70 ug/g), hexachlorocyclopentadiene (30 and 1 ug/g),

isodrin (10 to 30 ug/g), parathion (20 ug/g), supona (30 and 30 ug/g), and

dibromochloropropane (80 and 100 ug/g). A separate analysis for

dibromochloropropane showed this compound to be present in all three borings

at concentrations ranging from 370 to 32,000 ug/g. Parathion was detected in

Boring 2 at 20 ug/g.

Cadmium, copper, lead, zinc, arsenic, and mercury were within or above their

indicator ranges in all three borings. Concentrations of arsenic ranged from

130 to 190 ug/g, cadmium from 4.2 to 5.8 ug/g, copper from 55 to 1,500 ug/g,

lead from 38 to 89 ug/g, zinc from 86 to 230 ug/g, and mercury from 0.7 to 4.7

ug/g.

Numerous nontarget hydrocarbons and halogenated organics were tentatively

identified in each of the samples at concentrations ranging from 0.4 to 90 ppm

and 0.4 to 2,000 ppm, respectively. Organophosphorous pesticides were

tentatively identified from 2 to 70 ppm and an isomer of chlordene at 9 ppm in

Boring 3.

Two samples were collected from Trench ME 3 at locations directly underneath

Joints 1 and 3 (Figure CS-SP-6f). Semivolatile compounds found in both

samples included aldrin (100 and 100 ug/g), dibromochloropropane (70 and 9

I ug/g), dieldrin (100 and 20 ug/g), isodrin (30 and 30 ug/g), and supona (4 and

2 ug/g). In addition, Boring 1 contained atrazine (4 ug/g), dichlorodiphenyl-

ethane (4 ug/g), and dichlorodiphenyltrichloroethane (30 ug/g). Dibromochloro-

propane was also detected in a separate analysis at 95 and 13 ug/g.

Results from the metals analysis showed that Boring 1 contained elevated

levels of cadmium (3.1 ug/g), arsenic (150 ug/g), and mercury (0.58 ug/g).
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Boring 3 contained elevated levels of cadmium (2.8 ug/g), copper (75 ug/g),

zinc (83 ug/g), and mercury (0.27 ug/g).

Numerous nontarget compounds were tentatively identified as hydrocarbons,

chlorinated hydrocarbons, and chlorinated pesticides. The hydrocarbons

primarily were branched, ranged in size from 11 to 19 carbons, and were

present in concentrations from 3 to 30 ppm. The chlorinated hydrocarbons and

pesticides included chlordene and isomers of dichlorodiphenyltrichloroethane

(DDT) and dichlorodiphenyldichloroethane (DDD) and hexachlorobutadiene.

Concentrations of these nontarget compounds ranged from 4 to 100 ppm.

Trench HKE 4 yielded three samples that were collected from directly under

Joints 1, 2 and 3 (Figure CS-SP-6g). Semivolatile analyses showed the

presence of pesticides and halogenated hydrocarbons at concentrations up to

540 ug•g. Of interest are aldrin (20 and 20 ug/g), dibromochloropropane (20

to 200 ug/g), dichlorodiphenylethane (0.8 and 2 ug/g), dichlorodiphenyltri-

chloroethane (10 to 40 ug/g), dieidrin (2 to 30 ug/g), hexachlorocyclo-

pentadiene (20 and 30 ug/g), isodrin (1 to 40 ug/g), and supona (20 and 2

ug/g). A separate analysis showed dibromochloropropane at 540, 70, and 60

ug/g.

Elevated levels of arsenic were found in all three borings at concentrations

from 120 to 170 ug/g. Cadmium, copper, zinc, and mercury were all present at

concentrations within or above their indicator ranges. Maximum concentrations

were 7.7 ug/g for cadmium, 42 ug/g for copper, 2.2 ug/g for mercury, and 100

ug/g for zinc.

Many nontarget halogenated organics, hydrocarbons, and aromatics were

tentatively identified in each of the samples at concentrations ranging from

0.4 to 80 ppm. Of particular interest are compounds tentatively identified as

isomers of isodrin (1, 2, and 5 ppm), dichlorodiphenyltrichloroethane (DDT) (4

and 20 ppm), aldrin (1, 2, and 300 ppm), dieldrin (9 ppm), and chlordene (0.6

to 40 ppm).
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Trench KUC 6

Three samples were recovered from Trench MKE 6, all collected from beneath

joints in the pipe (Figure CS-SP-6h). Semivolatile organic analysis revealed

elevated levels of pesticides and halogenated hydrocarbons in the samples,

including aldrin (200, 300, and 600 ug/g), dibromochloropropane (50 to 300

ug/g), dichlorodiphenylethane (7 ug/g), dieldrin (40 and 10 ug/g), isodrin

(20, 20 and 40 ug/g), and supona (8 ug/g). Dibromochloropropane was found at

440, 260, and 55 ug/g in a separate analysis.

Elevated levels of arsenic were found in all three borings at concentrations

of 740, 600, and 250 ug/g. Cadmium, copper, lead, zinc, arsenic, and mercury

were all present at concentrations above their indicator ranges. Maximum

concentrations were 34 ug/g for cadmium, 150 ug/g for copper, 97 ug/g for

lead, 480 ug/g for zinc, 740 ug/g for arsenic, and 8.6 ug/g for mercury.

Nontarget compounds included those tentatively identified as hydrocarbons,

ranging in size from 10 to 26 carbons, pesticides and their isomers, and

brominated hydrocarbons. Maximum values are 300 ppm for methyl ester, 200 ppm

for the brominated hydrocarbon, 100 ppm for the hydrocarbons, 700 for

chlordene, and 80 for an isomer of dichlorodiphenyltrichloroethane (DDT).

Aldrin, isodrin and an isomer of dieldrin were also tentatively identified at

maximum concentrations of 2, 30, and 6 ppm, respectively.

Three samples were collected from beneath joints in Trench MKE 7 (Figure

CS-SP-61). No target analytes were detected within or above their indicator

levels in any of the samples. One nontarget compound, tentatively identified

as bis(2-ethylhexyl)phthalate, was detected in Boring 1 at a low concentration

(0.5 ppm).

Trench M-E 19

Three samples were collected in Trench MKE 19 (Figure CS-SP-6j), and several

metals were detected within or above their indicator ranges in all samples.

Concentrations ranged from 41.to 71 ug/g for copper, 85 to 97 ug/g for zinc,
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5.1 to 14 ug/g for arsenic, and 0.18 to 5.4 ug/g for mercury. No nontarget

compounds of note were detected.

Trench MIC 20

In Trench NIKE 20 (Figure CS-SP-6k) three samples were collected from beneath

pipe joints. Aldrin, dibromochloropropane, and dieldrin were each detected in

one sample at 0.6, 0.6, and 0.3 ug/g, respectively. Copper, lead, and zinc

were within or above their indicator ranges in all three samples.

Concentrations ranged from 32 to 80 ug/g for copper, 29 to 56 ug/g for lead,

and 150 to 760 ug/g for zinc. Arsenic was within its indicator range in

Borings 1 and 3 at 4.4 and 3.4 ug/g, and mercury was found above its indicator

range at 0.17 and 0.13 ug/g in the same borings.

Several nontarget compounds were tentatively identified in borings from Trench

MKE 20. Trichlorobenzamine was found in Borings 1 and 3 at 5 ppm and 10 ppm,

respectively, and a branched hydrocarbon was tentatively identified at low

concentrations in the same borings.

Trench MEKE 21

Two samples were collected from Trench PKE 21 (F'.gure CS-SP-61). Lead and

zinc were detected within their indicator ranges in Boring 1 at 28 ug/g and 68

ug/g, respectively. No nontarget compounds of note were detected in this

trench.

4 3.2.5 Contamination Assessment

The chemical sewer in the South Plants manufacturing complex was installed to

carry liquid chemical wastes from the manufacturing areas to the waste

disposal basins. Therefore, this portion of the chemical sewer was exposed to

large quantities of chemicals manufactured and used in the South Plants

manufacturing complex. The system was constructed primarily with oakum cement

joints, which were not designed to be water tight, and some leakage is to be

expected; however, as the sewer line deteriorated with age, considerable

exfiltration may have occurred. In samples from manholes and trenches along
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the chemical sewer in South Plants the following compounds were detected

within or above their indicator levels:

1,2-Dichloroethane Dichlorodiphenylethane

l,l,l-Trichloroethane Dichlorodiphenyltrichloroethane

1,1,2-Trichloroethane Dieldrin

Benzene Hexachlorocyclopentadiene

Bicycloheptadiene Isodrin

Carbon tetrachloride Parathion

Chloroform Supons

Ethylbenzene Dibromochloropropane

m-Xylene Dicyclopentadiene

Methylene chloride Cadmium

Methylisobutyl ketone Chromium

o- and p-Xylene Copper

Tetrachloroethylene Lead

Toluene Zinc

Trichlorpethylene Arsenic

Aldrin Mercury

Atrazine Thiodiglycol

Chlorophenylmethyl sulfone Chloroacetic Acid

Chlorobenzene

Several hundred nontarget compounds were tentatively identified. These are

not listed separately here but have been grouped into four main categories:

halogenated hydrocarbons, nonhalogenated hydrocarbons, organophosphorous

compounds, and naturally occurring compounds.

The following discussion begins at the farthest upstream location and follows

the sewer in the direction of flow. Because of the wide variety and high

concentrations of compounds detected, this contamination assessment will be

used to indicate potential contaminant migration patterns around the sewer

lines. The trench study areas provided an indication of the horizontal and

vertical gradients of potential contaminants. Data collected from beneath
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manholes will be used to verify the vertical extent of potential contaminant

migration. As data collected from the MKE trenches by both MIKE and Ebasco are

limited to a maximum depth of 3 ft below the pipe, these data will be used to

support other data and to correlate areas where potential contamination can be

expected.

Trench PIKE 19

Trench MKE 19 was dug along an abandoned portion of the chemical sewer. It is

located at the far upstream end nf the sewer line that extends toward the

aldrin area, although at this point its only connection was to the mustard and

dichlor decontamination pit. No semivolatile target compounds were detected

iin any of the three Ebasco samples collected at this excavation. Each sample

contained copper, zinc, arsenic, and mercury at levels above their indicator

ranges. No nontarget compounds of note were detected.

Samples collected from Trench MKE 19 by PIKE contained elevated levels of

methylene chloride, arsenic, and mercury. The methylene chloride was present

in a fairly narrow concentration range (2.7 to 4.1 ug/g) and appeared in all

samples, which may be an indication of laboratory background. The elevated

levels of arsenic, and particularly mercury, were much higher directly under

the pipe than beside the pipe. The Ebasco samples from this trench did not

shou the mercury to be present at levels quite as high as the MKE samples (a

maximum value of 5.4 ug/g versus a maximum value of 25 ug/g), although in both

cases the mercury concentration was above natural levels expected in these

soils. There are no known documented mercury spills in this area (Ebasco,

1988c). It appears from the higher concentrations under the pipe that the

arsenic and mercury originated from the sewers. The elevated levels of copper

and zinc may also have originated from the chemical sewer, but because MKE did

not analyze for these metals, no data are available to indicate concentration

gradients.

Mauihol W27

Manhole W27 is located downstream of Trench PKE 19 and received wastes from

the mustard, aldrin, and dibromochloropropane production areas and a mustard
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and pesticide decontamination pit. Seventeen volatile and semivolatile

compounds were detected in the first three sampling intervals (6.5-7.5,

11.5-12.5, and 16.2-17.2 ft). Concentrations of note are aldrin at 100 ug/g

in the 6.5 to 7.5 and 16.2 to 17.2 ft intervals (the first and third sampling

intervals under the manhole) and dibromochloropropane at 200 and 400 ug/g in

the 11.5 to 12.5 and 16.2 to 17.2 ft intervals, respectively. Bicyclohepta-

diene, an intermediate in the production of aldrin and dieldrin, was also

detected in the samples from this manhole, although never above 30 ug/g. The

concentrations of volatile and semivolatile organic compounds decreased at

lower depths indicating that the chemical sewer may be the source of these

compounds. The two deepest intervals contained only eight volatile and

semivolatile target compounds ranging in concentration from I to 30 ug/g.

Chromium, copper, lead, zinc, and mercury were present at elevated levels in

the upper three samples. Only copper and zinc were above their indicator

ranges in the lower two samples. Samples taken by MKE also showed elevated

levels of copper, lead, and zinc in the uppermost sample.

This distribution of detectable compounds probably is due to the geology of

the area. The first two samples were taken in weathered sandstone. The third

sample, taken at a depth of 16.2 to 17.2 ft, was in a transition region to

less fractured rock, and the following two samples came from progressively

less fractured material. The decreasing amount of fractured material is less

permeable than more fractured rock, causing less downward migration of

chemicals from the chemical sewer.

Many nontarget halogenated and nonhalogenated hydrocarbons were tentatively

identified, ranging in concentration from 30 ppm to less than 1 ppm. The

concentrations and numbers of nontarget compounds detected followed the same

distribution as the target compounds. Increasing depth corresponded to

decreasing levels and numbers of compounds present.

Samples were collected near Manhole W27 during the Task 2 investigation of

Shell spill sites (Ebasco, 1987a). Elevated levels of aldrin (1,000 and

2,000 ug/g) and dieldrin (100 and 400 ug/g) were detected in the surface

157
Site CS-SP
0097U/0185A
Rev. 9/14/88



samples but not in samples taken at the 4 to 5 and 9 to 10 ft intervals.

These data indicated that downward migration of target analytes from the

surface had not penetrated to the depth of the sewers or below the sewers.

Trench CS02 is located along the section of pipe 121 ft downstream of Manhole

W27. Groundwater is high in this area, within about 2 ft of the sewer, and

samples taken from the second interval beneath the pipe (11.8 to 12.8 ft) were

wet. High levels of pesticides and solvents were detected in all intervals of

all of the borings, whether directly under the pipe or up to 5 ft away. Most

notably, aldrin was detected in all ten samples, three times at 20,000 ug/g

and once at 40,000 ug/g. Dibromochloropropane was also detected at

concentrations as high as 7,000 ug/g. Concentrations of chemicals did not

taper off with increasing depth. The highest levels of both aldrin and

dibromochloropropane were detected in Boring 7 in the saturated sample.

Numerous nontarget compounds were detected at this site. Nearly all of them

A were tentatively identified as either halogenated or nonhalogenated

hydrocarbons. The highest concentrations were detected in Boring 7, where the

maximum level was 700 ppm.

Because all of the borings in Trench CS02 contained significant amounts of

target compounds, the extent of contaminant migration could not be determined

i_ from these data alone. A similar trench, SS04, was dug around the sanitary

sewer about 20 ft west of Trench CS02. Results from this trench, which are

included in the Sanitary Sewer - South Plants Contamination Assessment Report,

showed very low levels of pesticides and metals near the pipe and nothing in

"saturated soils (Ebasco, 1988a). The high levels of potential contamination

present in the soils under the chemical sewer, and not in soils near the

sanitary sewer, indicate that the chemical sewer is the source of the

potential contamination in this area.

Trench MKE 2 is located downstream of Trench CS02, along the section of pipe
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that received wastes from the white phosphorous storage and filling building

and the pesticide drum filling building, in addition to those previously

mentioned. Analysis of Ebasco samples showed elevated levels of pesticides,

herbicides, process intermediates, and metals, with aldrin at 100 ug/g,

dibromochloropropane at 32,000 ug/g, copper at 1,500 ug/g, and arsenic at 190

uS/g.

MKE data from this trench also showed high levels of these compounds, most

notably aldrin at 14,000 ug/g, dibromochloropropane at 7,500 ug/g, and arsenic

at 520 ug/g. These samples were analyzed for volatile organic compounds and

showed the presence of solvents such as carbon tetrachloride, chlorobenzene,

chloroform, methylene chloride, tetrachloroethylene, and toluene, but at

concentrations that did not exceed 29 ug/g.

Nontarget compound data showed numerous halogenated and nonhalogenated

hydroca.bons similar to those found in Trench CS02.

All samples collected from this trench were taken directly under the pipe or

from immediately beside the pipe; none were from deeper intervals or from any

distance away from the pipe. Therefore, no evidence of concentration

gradients with respect to distance from the pipe could be identified.

However, the types of compounds detected and the concentrations at which they

were found corroborate the data from Trench CS02, which was directly upstream

of this trench. It appears that the chemical sewer may be the source of these

compounds.

Manhole W2

Manhole W25 is the manhole directly downstream of Trench MKE 2. Samples from

directly under the channel, in the 6.9 to 7.9 ft interval of this boring,

1I contained high levels of pesticides, including aldrin at 10,000 ug/g,

dibromochloropropane at 10,000 ug/g, and isodrin at 300 ug/g. Solvents were

also present, with toluene having the highest concentration at 300 ug/g.

Mercury and arsenic were also present at elevated levels. Concentrations of

target compounds dropped off dramatically with increasing depth, as was the
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case in Manhole W27. A similar trend was not seen in Trench CS02, located

bp&'een these two manholes, because of the very high water table under the

trv.ch. Sampling stopped when the water table was reached; therefore, only

two intervals were sampled under Trench CS02, compared with five intervals

beneath Manholes W25 and W27. A summary of groundwater depths and sewer

depths is included in Table CS-SP-2. In the 16.2 to 17.2 and 21.1 to 22.1 ft

intervals, copper and zinc were the only target compounds above indicator

level, and both were slightly above their indicator ranges. The last

interval, 26.2 to 27.2 ft, was taken in groundwater and contained 1 ug/g of

chloroform as well as copper and zinc within their indicator ranges. The

presence of this chloroform is due more likely to a groundwater plume than

from downwerd migration from the chemical sewer system.

Nontarget compounds were detected in much higher concentrations in the

uppermost sample than in deeper samples, as were the target compounds.

Halogenated hydrocarbons were tentatively identified at concentrations ranging

from 900 to 4 ppm, and a tentatively identified benzene was found at 300 ppm.

j The next interval contained only three tentatively identified halogenated

hydrocarbons at a maximum concentration of 40 ppm, and the next three

intervals did not contain any nontarget compounds of note.

Samples taken from beneath this manhole by MKE showed a similar trend.

Concentrations of pesticides such as aldrin, dibromochloropropane, and isodrin

were much higher in the 7.4 ft interval than in the 14.5 ft interval. Maximum

values were 7,000 ug/g for aldrin, 6,000 ug/g for dibromochloropropane, and

200 ug/g for isodrin.

The contaminant concentration gradient evident beneath this manhole and the

similarity of this manhole and Manhole W27 imply that the chemical sewer is

the most likely source et thi potential contamination.

Trenches MKE 3. MICE 4. and MICE 6

This series of trenches was dug along the portion of the chemical sewer

directly downstream of Trench CS02, which collected wastes from pesticide and
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Army agent manufacturing facilities, the white phosphorous and arsenic

trichloride tank house, and the Army laboratory and laundry. Elevated levels

of pesticides, herbicides, process intermediates, and metals were found in

samples taken by Ebasco from these trenches. Most notable were aldrin at 600

ug/g and dibromochloropropane at 540 ug/g. Of the metals, copper was found at

150 ug/g, zinc at 480 ug/g, and arsenic at 740 ug/g. These trenches run past

the arsenic silos, which may be the source of the arsenic.

MKE data taken from these trenches also showed high concentrations of

pesticides and arsenic. Aldrin was found in three samples at 20,000 ug/g,

dibromochloropropane was detected as high as 510 ug/g, and arsenic also had a

maximum value of 510 ug/g. It does not appear that samples taken from

directly under the pipe contain target compounds at higher concentrations than

samples taken from beside the pipe.

Nontarget compound data contained numerous tentatively identified halogenated

and nonhalogenated hydrocarbons similar to those found in Trench CS02.

Samples were taken only from directly under and beside the pipe in these

trenches, never at deeper intervals or at any distance away from the pipe.

Therefore, no obvious trends regarding contaminant migration could be

identified from these data. However, the types of compounds detected and the

levels at which they were found corroborate the data from Trench CS02, which

was a short distance upstream of these trenches.

Trench MICE 20

Trench MKE 20 is located one manhole upstream of Trench CS01, and both are

along a branch of the sewer that joins the main line at Manhole W22. Ebasco

collected three samples from directly under the pipe, and analysis showed

elevated levels of aldrin, dieldrin, dibromochloropropane, copper, lead, zinc,

and mercury. The nontarget analysis tentatively identified two chlorinated

hydrocarbons in the samples containing aldrin and dieldrin.
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Analysis of MM data showed concentrations of methylene chloride ranging from

2.3 to 2.9 ug/g, which again may be due to laboratory background. The only

other target compound above its indicator level was mercury at 1.5 ug/g, found

in the sample from directly under the pipe.

Considering the limited amount of data available, it is possible that the

target compounds detected in this trench originated from the chemical sewer.

Trench CS01 is located along a section of the chemical sewer lin. that

collected wastes from pesticide and Army agent manufacturing facilities and

from the Army laboratory and laundry. Semivolatile and volatile organic

compounds, ICP metals, arsenic, and mercury were noted in borings from this

trench.

Concentrations of the organic compounds and metals decrease with distance from

the pipe both horizontally and vertically, with organic compounds absent

entirely in the lower three sampling intervals. Aldrin, dieldrin,

tetrachloroethylene, and methylene chloride were found in samples taken from

directly below the pipe. Boring 8, 1 ft away from the pipe, contained only

tetrachloroethylene in the 8 to 9 ft interval; Boring 9, 5 ft away from the

pipe, did not contain any volatile or semivolatile target compounds. Metals,

most notably zinc and arsenic, were also present at elevated levels near the

pipe. Samples taken by MKE from directly under the pipe showed elevated

levels of mercury zinc. Boring 9 contained no arsenic and only slightly

elevated levels of zinc and copper. This boring penetrated claystone, so

higher levels of zinc and copper are to be expected based on the natural

levels found in these materials at RHA.

In addition, a composite grab sample was collected of yellow material that was

found on several joints along the exposed pipe. This sample contained

elevated levels of dieldrin, chromium, zinc, arsenic, and mercury. The yellow

color may have been due to the presence of chromate ions, a chromium specie

characterized by a bright yellow color.

162
Site CS-SP
0097U/0185A
Rev. 9/14/88 -



Nontarget compounds tentatively identified at this location were primarily

halogenated hydrocarbons ranging in concentration from 20 to 0.4 pp•, except

in the grab sample where the concentration rose to 40 to 20 ppm. Other

tentatively identified compounds included unidentified phthalates and

organophosphorus substances. Again, the concentrations of compounds detected

decreased with distance from the pipe.

The observed concentration gradients around the pipe suggest that the target

and nontarget compounds originated from the chemical stwer.

M1anhole W21

Manhole W21 is the second manhole downstream of Trench CS01 and MKE Trenches

2, 3, and 4. Volatile and semivolatile organic compounds are prevalent down

to and including the 17.0 to 18.0 ft interval, 10 ft below the pipe and 10 ft

above the water table. Some concentrations of note were dibromochloropropane

at 800 ug/g and arsenic at 300 ug/g in the 8.0 to 9.0 ft interval, arsenic at

430 ug/g in the 10.5 ft interval (MKE sample) and aldrin at 100 ug/g in the

17.0 to 18.0 ft interval. No compounds exceeded 100 ug/g in the 12.0 to 13.0

ft interval. In general, concentrations of compounds detected in the 22.0 to

23.0 and 27.0 to 28.0 ft intervals are considerably lower than those found at

shallower depths.

This distribution of contaminants probably is due to the geology of the area.

Weathered claystone overlies less permeable siltstone. The transition between

these two units occurs approximately at the 17.0 to 18.0 ft interval where

there appears to be a buildup of some, but not all, of the target compounds.

These include carbon tetrachloride, tetrachloroethylene, bicycloheptadiene,

chlorobenzene, aldrin, isodrin, parathion, and supona. Chemicals released

from the chemical sewer have migrated downward through the weathered claystone

but have been slowed by the siltatone.

The sample taken from the 27.0 to 28.0 ft interval was wet, and therefore was

in contact with groundwater. This sample contained aldrin at 10 ug/g and some

solvents ranging in concentration from 0.5 to 7 ug/g. These compounds were
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not found in the 22.0 to 23.0 ft interval, except chloroform, and are probably

due to groundwater plumes rather than downward migration from the sewer.

The tentative identification of nontarget compounds showed the presence of

several halogenated and nonhalogenated hydrocarbons as well as a small amount

of an organophosphorus compound. In general, these followed the same

distribution as the target compounds. Most of the compounds appeared in the

first three intervals, with the exception of an isomer of aldrin. This isomer

was found in the 27.0 to 28.0 ft interval at a concentration of 100 ppm.

It appears that target and nontarget compounds detected in this boring, except

for the solvents found beneath the water table originated from the chemical

sewer.

Trench lKE 21 is located along a section of the chemical sewer upstream of

Manhole 6-1, which collected wastewater from the Army laboratory and laundry.

This section was part of the nontoxic sewer servicing the chlorine plant just

west of "D" Street and was connnected to the chemical sewer in 1956. No

semivolatile compounds were found in either of the two samples taken from

beneath the pipe. Lead and zinc were both present within their indicator

ranges. No nontarget compounds of note were detected.

Samples collected from this trench by MKE showed no evidence of semivolatile

organic compounds, arsenic, or mercury. Methylene chloride was detected in

L three of the samples at concentrations consistent with those found in other

samples. This consistency and prevalence may be taken as an indication of

laboratory background contamination.

Manhole 6-

Manhole 6-1 is also located in the chlorine plant area along a part of the

chemical sewer line that is downstream of Trench lKE 21. The upper sample

from this manhole did not contain any volatile or semivolatile target

compounds. The second sampling interval contained only 1,1,2-trichloroethane
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at 0.8 ug/g. The solvents 1,1,1-trichioroethane, carbon tetrachloride, and

tetrachloroethylene were detected at 1 ug/g or less in the 23.5 to 24.5 ft

interval, slightly above the water table (26 ft). The presence of these

compounds is probably related to groundwater plumes. Copper and zinc were

also slightly above their indicator ranges in several of the samples. Soils

from these samples had a clay component, so the slightly elevated levels of

metals can be expected.

Trench CS03 is located in the chlorine plant area. The most notable target

analyte found at this site was hexachlorocyclopentadiene, an intermediate in

the production of aldrin and dieldrin. This compound was found in borings

from directly under the pipe at levels of 300 ug/g, 2,000 ug/g, 3,000 ug/g,

and 4,000 ug/g. Some solvents were also present, but not at concentrations

above 40 ug/g. Lead was found at levels of 640 and 150 ug/g in two of the

borings. The highest levels of target analytes were detected in

unconsolidated material found directly under the pipe. The concentrations of

5 chemicals decrease with depth and distance from the pipe. Samples taken 1 and

5 ft away from the pipe and at depths below the pipe contain only copper and

zinc within or slightly above their indicator ranges, with occasional

occurrences of arsenic and mercury within or above their indicator ranges.

Soils under this trench have a clay component and therefore the slightly

elevated levels of copper and zinc can be expected.

Numerous halogenated hydrocarbons were tentatively identified in the nontarget

S F CC/MS analysis. All were present in samples taken from directly under the

pipe. No compounds of note were found in samples taken Pway from the pipe or

farther below the pipe.

In addition, one sample was taken from along the top of the pipe where a crack

had leaked dye during the field work. The only target compound found in this

sample was arsenic, which was within its indicator range. A tentatively

identified compound containing 3 chlorines was detected in this sample at 2

ppm in the CC/MS analysis.
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The concentration gradients of target and nontarget analytes around the pipe

implies that these compounds originated from the chemical sewer.

This manhole is located along the western edge of the chlorine plant area and,

like Manhole 6-1 and the sewer in Trenches CS03 and MKE 21, it was originally

part of the nontoxic contaminated waste line. Samples from this manhole

contained methylene chloride at I ug/g in the first three intervals,

trichloroethylene at 0.6 ug/g in the second interval, and aldrin at 2 ug/g in

the first interval. Samples taken by MKE also showed aldrin in the first

sampling interval at a concentration of 1.0 ug/g. Zinc was found at 82 ug/g,

slightly above its indicator range, in soil having a clay component, where an

elevated concentration may be expected. Two nontarget compounds of note were

tentatively identified as bromodichloromethane, found at 9 ppm, and an

alkylated phenol, found at 0.4 ppm, both in the fourth sampling interval (17.2

to 18.2 ft).

The compounds detected in samples from this manhole do not exhibit obvious

trends of decreasing concentration with distance from the pipe, with the

possible exception of aldrin. Although compounds of this sort were not

anticipated in this area, and unless other data become available, it will be

assumed that these compounds originated from the chemical sewer.

Trench MKE 7 was dug along an abondoned portion of the chemical sewer in

Section 35. This line was originally intended to carry caustic waste from the

chlorine plant area to an impermeable basin, but it was never used for that

purpose (CWS, 1945a; CWS, 1945b; Donnelly, undated). No target analytes were

detected within or above their indicator levels in the Ebasco samples from

this trench. One nontarget compound was detected at a low concentration

(0.5 ppm) and was tentatively identified as a phthalate, a plasticizer

ubiquitous in the environment at RMA.
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Results of the MKS sampling program showed methylene chlorine in four of the

eight samples at concentrations ranging from 2.4 to 12 ug/g. Methylene

chloride is a comoan laboratory solvent and its presence here may be an

indication of laboratory contamination. Arsenic was the only other target

analyta detected, and was found in the three uppermost samples at

concentrations of 18, 18, and 21 ug/g. These samples were all taken from

soils with a clay component, which may account for the elevated levels of

arsenic.

Nontarget compotmds detected in the MKE samples included those tentatively

identified as phthalates, alcohols, acids, esters, and three instances of a

substituted alkene. The phthalates are plasticizers, which are prevalent in

the environment at RHA and which were present in low concentrations, the

maximum being 8.9 ug/g. Alcohols, esters, and hexadecanoic acid are often

associated with naturally occurring compounds and were present in

concentrations of up to 36 ug/g. The three substituted alkenes were present

at concentrations of 9.8, 0.5, and 5.1 ug/g. Compounds of this nature were

not anticipated in this area.

Data from the Ebasco sampling program showed no target compounds or nontarget

compounds of note, while the MKE sampling program tentatively identified some

hydrocarbons in the nontarget analysis. All available documentation regarding

this part of the sewer line states that it was never used. It is therefore

unlikely that any potential contamination detected in the trench originated

from the sewer line.

3.3 FOLLOW-ON SURVEY

L The nature and extent of potential contamination associated with the South

Plants chwaical sewer has been defined so that a worst-case estimate can be

made of the quantity of potentially contaminated soil. Therefore, no

follow-on investigations are recommended for the chemical sewer system in the

S[ South Plants area.

it
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3.4 QUANTITY OF POTENTIALLY CONTAINATED SOIL

Based on the results of the field program, the estimated volume of potentially

contaminated soil, rounded to two significant figures, is 120,000 cubic yards
3 3

(yd ) with an estimated overburden of 120,000 yd

The South Plants chemical sewer system will be divided into two parts: the

portion in Section 2 that was originally the nontoxic waste system and the

portion in Section 1 that serviced the main manufacturing area.

In Section 2, samples from Trench CS03 contained potential contamination

directly below the pipe and up to 1 ft away from the pipe. Samples 5 ft away

from the pipe and 5 ft below the pipe did not contain compounds at levels

considered to be potentially contaminated. Trench MKE 21 did not contain any

analytes above their indicator levels. Manhole 4-3 showed elevated levels of

target analytes in the first three sampling intervals but not in the fourth,

15 ft below the manhole. Manhole 6-1 contained elevated levels of solvents in

the 23.5 to 24.5 ft interval, which have been attributed to groundwater

plumes. Shallower samples did not contain target analytes at levels

considered to be potentially contaminated.

The depth of potential contamination will be assumed to extend 15 ft below the

pipe (based on Manhole 4-3) and 5 ft on either side of the pipe (based on

Trench CS03). The volume of potentially contaminated soil will be estimated

by assuming a width of 11.5 ft, which includes 5 ft on each side of the pipe

and the maximum pipe diameter of 18 in, and by assuming a depth of 16.5 ft,

which includes the maximum pipe diameter and 15 ft beneath the pipe. The pipe

length includes all pipe west of Manhole 6-4.

Estimated Volume of Potentially Contaminated Soil:

Length - 5,300 ft

Depth - 16.5 ft

Width = 11.5 ft

Volume - 37,000 yd3
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Estimated Volume of Overburden:

Length - 5,300 ft

Average depth to pipe - 10 ft

Width - 11.5 ft

Volume - 23,000 yd 3

Samples collected in Section 1 showed potential contamination along the

chemical sewer pipe and at depth beneath the pipe. Therefore, the entire

chemical sewer line in Section 1 is assumed to be potentially contaminated,

with the exception of the overhead line originating in the hydrazine facility

and the line connecting Manholes A, B, and C from Building 732, which was

never used.

The approximate length of this portion of the sewer line is 18,000 ft. The

soil is assumed to be potentially contaminated from the top of the pipe to the
water table. The maximum pipe diameter is 12 in, and the average distance
from the pipe to the water table is 5 ft; therefore, the depth used for the

calculation is 6 ft. Samples collected 5 ft away from the pipe contained

detectable analytes at concentrations that decreased with distance away from

the pipe. Therefore, the width of potentially contaminated soil is assumed to

extend 10 ft on each side of the pipe, giving a total width including the pipe

diameter of 21 ft.

Estimated Volume of Potentially Contaminated Soil:

Length = 18,000 ft

Depth a 6 ft

Width a 21 ft

Volume - 84,000 yd3
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Estimated Volume of Overburden:

Length = 18,000 ft

Average depth

to pipe 7 ft

Width = 21 ft

Volume - 98,000 yd 3

Results from the field survey were used to generate a most conservative

(worst-case) estimate of the volume of potentially contaminated soil along the

chemical sewer in South Plants. This delineation of the boundaries of

potential contamination should not be construed to indicate the actual

presence of contamination within the volumes outlined. In addition, this

approach is not intended to imply that any oz all of the soil within the

potentially contaminated volume must be reme~iated, nor does it make any

assumption about the type of remediation that may be required. Rather, this

approach is intended to provide preliminary estimates of the maximum possible

volume of contaminated materials for planning purposes only.
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APPENDIX CS-A
Chemical Nmews and Abbreviations

Analytic Methods OCeOD

Atomic Absorption Spectroscopy AA

Gas Chromatography/Conductivity Detector GCCON

Gas Chromatography/Electron Capture Detector mCECD
Gas Chrcmatography/Fltme Ionspation Detector GCFID
Gas Chromatography/Flamee Photometric Detector GCFPD

Gas Chromatography/Mass Spectrometry CCIMS

Gas Chromatography/Nitrogen Phosphorous Detector GCNPD

Gas Chromatography/Photoionization Detector CCPID

High Performance Liquid Chromatography HPLC

Inductive Coupled Argon Plasm Screen ICP

Ion Chromatography IONCHROM

Spectraphotometry SPECT

PHASE I ANALYTES AND CERTIFIED METHODS
SOIL SAMPLES

Synonymous Names Used
Analysis/Methodf/Analvtes in ARDendix B Abbreviations

AGENT ZRODUCTS/NPLC TDg

Chloroacetic acid Chloroacetic acid CLC2A

Thiodiglycol Thiodiglycol (TDG) TDGCL

Isopropylmethylphosphonic Isopropylmethylphosphonate IMPA
acid

A.NI..•
Chloride Chloride CL

j Fluoride Fluoride FL

j Sulfate Sulfate S04

6&SKCNAW Arsenic

DIJLROMOQRIDROZROB NE/C/ D Dibromochloropropane

Hydrazine Hydrazine HYDRZ

Methylhydrazine Methyihydrazine MHYDRZ

Unsymmetrical dimethyl Unsymmetrical dimethyl

hydrasine hydrazine Um

v CXLMercury
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APPENDIX CS-A (Continued)
Phase I

Synonymous Names Used
Analvsis/Methods/&m1Xvte in ApenDAIN A kit~

Cadmium Cadmium CD
Chromium Chromium CR
Copper Copper Cu
Lead Lead Pz
Zinc Zinc ZN

ORGANOITROG COKPMPO S ICCNPD C
n-Nitrosodimethylamine n-Nitrosodimethylamine NNDMEA
n-Nitrosodi-n-propylamine n-Ni trosodi-.n-propylamine ?INDNPA

Diisopropylmethyl phosphonate Diisopropylmethyl phosphonate DIMP
Dimethylmethyl phosphonate Dimethylmethyl phosphate ItfP

SEMIVOLATILE ORGANIC COMIPOUNDS/
GCMS MY
1,4--Oxathiane 1,4-Oxathiane OXAT
2,2-bis(Para-chlorophenyl )- Dichlorodiphenylethane PPDDE
1, 1-dicltloro. thane

1, 1-1-trichioroethane ethane
Aidrin Aidrin ALDRN
Atrazine Atrazine ATZ
Chlordane Chlordane CLDAN
Chiorophenylmethyl sulfide p-Chlorophenylmethyl sulfide CPMS
Chiorophenylmethyl gulf one p-Chlorophenylmethyl sulfone CPMS02
Chiorophenylmethyl suif oxide p-Chlorophenylmethyl sulf oxide CPMSO
Dibromochioropropane Dibromochioropropane DBCP
Dicylopentadiene Dicyclopentadiene DCPD
Dieldrin Dieidrin DLDRNDispoymty Ish.t iiorplehlpopoae DM
Diisoproylmethyl phosphonate Diisoproylmethyl phosphonate DMMP*
Dithiane Dithiane DITHIEndrin Endrin ENDRN
Hexachlorocyclopentadiene Nexachlorocyclopentadiene CL6CP
Isodrin Isodrin, ISODR
Mltin-Malathion MLTIIN

Parathion, Parathion PRTHN
Supona, 2-Chloro-l (2,L.-dichlorophenyl) SUPONA

vinyldiethyl phosphates

Vapona Vapona DVVP

M WP is certified *as part of the seuivolatile organic compound method only
for Iittman-Ebasco Laboratory.
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APPENDIx CS-A (Continued)
Phase I

Synonymous Names Used

AnAlvaidI&Methgdx Anal'tes in ARo- i Abb1~reviations

VOLATILE ORGANIC CVHOUNDS/w
9= 11DCLE

1,-Dichloroeth=6l 1 ,l-Dichloroothane 1DL
1,2-Dichloroethene 1,2-Dichloroethafle 11
1,1 ,l-TrichloroethaflC 1,1,l-Trichloroethme11TC
1,1, 2-Trichlorootbhafe 1,1, 2-Trichloroethahne C6HTC
Benzene Benzene CH

Dicycloheptadiefle Sicycloheptadiefle ZCHPD

Carbon tetrachloride Carbon tetrachloride CCL4

Chlorobenzefle Chlorobenr.ene CLC6B5

Chloroform Chloroform CIICL3

Dibrouochloropropafle Dibromochloropropafle DBCP

Dicyclopentadiefle Dicyclopentadiene rP

Dime thyldisuif ide Dime thyldisulf ide DMDS

Ethylbenzene Ethylbenzelne ETC6H5

w-Xylene M-Xylene 13D11B

M~ethylene chloride Methylene chloride CH2CL2

Methylisobtityl ke~tone MethylisobutYl ketone M1BK

o- and p-Xylene Ortho- L Para-xylene XYLEN

Tetrachloroethylene Tetrachioroethefle CE

Toluene ~Toluene MCH

Trans-i ,2-dichloroethyleflC Trn-,-iclre n 12DCE

Trichloroethylefle Trichioroethene TRCLE
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APPENDIX CS-A
Phase 11

PHASE 11 ANALMTS AND CERTIFIED METHODS
SOILMUlLES

Synonymous Names Used
AnAlvini/Methods/Analytes inApgndiL.. B Abrevations

AG PRODUCTIB1NW
(Same as Phase I

AGENT PRODUCISI IONCHG
(Same as Phase I)

ANQIBOfhINCHBANON
(Same as Phase I)

ARSEtLIC/A Arsenic A

DIBRSMQCHLQBQUQOPANE/G Dibromochloropropane P

XYDRAZINES/SPEJIX
(Same as Phase 1)

HUCURY/L Mercury i

WIALSLLCP
(Same as Phase I)

QER9M LRINE PESTICIDESIGCEOcD
2, 2-bis(Para-chlorophenyl )- Dichiorodiphenylethane PPDDE

1,1-dichloroethane
2,2-bis(Para-chlorophenyl )- Dichiorodiphenyltrichioro- PPDDT

1 ,1-1-trichloroe than. ethane
Aidrin Aidrin ALDRN
Chlordane Chlordane CLDAN
Dieidrin Dieidrin DLDRN
Endrin Endrin ENDRN
Nexachlorocyclopentadient Dexachlorocyclopentadiene CL6CP

Isodrin Isodrin ISODR

QB.GANQ?1OSPHBOROUS COMPOUNDS /GCFPD
(Same as Phase I)-
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APPENDIX CS-A (Continued)
Phase II

Synonymous Names Used
Analvais/MethoduAnnIMvtes in ARpedi Z Abbreviations

ORGANOPHOSPHORUS PESTICIDES/
GOID OF

Atrazine Atrazine ATZ
Malathion Malathion MLTHN
Parathion Parathion PRTHN
Supona 2-Chloro-i (2,L&-dichlorophenyi) SUPONA

vinyidiethyl phosphates
Vapona Vapona DDVP

ORANSUPJRmQ OMOwNS/ICIED
1,4-Oxathiane 1,4-.Oxathiane OXAT
Chiorophenylmethyl sulfide p-Chiorophenylmethyl sulfide CPMS
Chiorophenylmethyl suif one p-Chlorophenylmethyl suif one CPMS02
Chiorophenyimethyl suif oxide p-Chlorophenylmethyi sulfoxide CPMSO
Dimethyldiaulfide Dimethyldisulfide DMDS
Dithiane Dithiane DITH

SFIIIVOLATILE ORGANIC COMPOUNDS/

(Same as Phase I)

VOLATILE AROMATIC ORGANIC
COMPOUNDSIGCPID2 VAQ

Benzene Benzene C6H6
Ethyibenzene Ethylbenzene ETC6H5
m-Xylene m-Xylene 13DMB
o- and p-Xylene Ortho- &Para-xylene XYLEN
Toluene Toluene MEC6H5

VOLATILE HALOGENATED ORGANIC
C,0LUNDS/qGCCN 0-Q
1,1-Dichioroethene 1,1-Dichioroethane iiDCLE
1 .2-Dichioroethane 1 ,2-Dichloroethane 12DCLE
1,1-Dichioroethene 1, 1-Dichioroethene lIDCE

V1,1,1-Trichioroethane 1,1,1-Trichioroethane 111TCE
1,1, 2-Trichioroethane 1,1 ,2-Trichloroethane 11 2TCE
Carbon tetrachioride Carbon tetrachloride CCL4
Chiorobenzene Chiorobenzene CLC6H5
Chloroform Chloroform CHCL3
Methylene chloride Methylene chloride CH2CL2
Tetrachioroethylene Tetrachioroethene TCLEE
Tans-12-dichloroethylene Trans-i, 2-dichioroethene Ti12DCE

*Trichioroethylene Trichioroethene TRCLE
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APPENDIX CS-A (Continued)
Phase 11

synonymous Names Used

AnalxsisjI'ethodg/Aflaljtem in AD~endil A &kkbrieiiatig

VOLATILE HYDROCARBON COMPOUNDS/
-GCFID 

HXDMli
Bicycloheptadiene Bicycloheptadiene BCHPD

Dicye1 op'pntadiene Dicyclopentadiene DCPD

methylisobutyl ketone Methylisobutyl ketone MIBK

VOLTIE OGAIC COMPOUNDSGCMS
(Same as Phase 1)
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APPENDIX CS-B
Chemical Data

The analytical results of the laboratory analysis of soil samples collected as

part of the program comprise the first part of Appendix CS-B. Data are listed

sequentially by boring number and successive depths below the surface. Within

each depth, all analytes for which the samples were tested are listed

alphabetically. Results are given as less than (LT) the detection limit for

the test laboratory, or as detected concentrations above this limit. Based on

the accuracy of laboratory test methods, values for volatile and semivolatile

compounds are considered accurate to one significant figure, values for

dibromochloropropane when tested separately and for metals are considered

accurate to two significant figures.

The second part of Appendix CS-B contains data from the blanks associated with

the analytical work. Blanks for the soil samples were based on a homogenized

subsample of composited samples from a known uncontaminated soil that is

stratigraphically similar to the RMA soils. Blar.ks for the water samples were

Lased on distilled water. Control samples, or blanks, are introduced into the

train of environmental samples to function as monitors on the performance of

the analytical method. These samples function as quality control (QC)

samples, and are an integral part of the quality assurance (QA) program for

the project. The method blanks listed in this Appe-dix were utilized to

verify that the laboratory was not a source of sample contamination. If

contamination were detected in a method blank, corrective actions were taken

to assure that reported concentrations of target analytes reflected sample

analytes, and not analytes introduced by the laboratory process.
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Appendix CS-C

Calculations for the Structural

Stability of the Pipe in
Trenches CS01, CS02, and CS03



Given Conditions

"o Bedding Class D (the worst per ASTM C12-82)

Therefore, Load Factor (LF) = 1-1

"o Backfill above pipe = 4 ft

"o Trench/Backfill material = clay = 120 lbs/cu ft

"o Three-edge bearing strength (3-EBS) for 6" Dia standard strength

vitrified clay pipe per ASTh C700-78a = 1200 lbs/ lin ft

"o Trench Earth Load (TEL) = dead load = 600 lb/lin ft

"o Field Supporting Strength (FSS):

FSS = LF X 3-EBS

= 1.1 X 1,200 = 1,320 lbs/lin ft.

"o Safety Factor (SF):

SF M = 1,320

TEL 600

o Acceptable Safety Factor per ASTh C12-82: greater than 1.0, but less

than 1.5

o Safety Factor is adequate.
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Trench C502

Given Conditions

"o Bedding Class D (the worst per ASTh C12-82)
Therefore, Load Factor = 1-1

"o Backfill above pipe = 6.5 ft
"o Trench/backfill material = clay = 120 lbs/cu ft
"o Three-edge bearings strength (3-EBS) for 10" dia standard strength

vitrified clay pipe per ASTh C700-78a = 1,600 lbs/lin ft

Calcuationa

"o Trench Earth Load (TEL) = dead load = 1,250 lb/lin ft
"o Field Supporting Strength (FSS):

FSS = LF X 3=EBS
= 1.1 X 1,600 = 1,760 lbs/lin ft.

"o Safety Factor (SF):
SF = ESE = 1._IkQ = 1.4

TEL 1,260

o Acceptable Safety Factor per ASTh C12-82 = greater than 1.0, but less
than 1.5

o Safety Factor is acceptable.
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Given Conditions

o Bedding Class D (the worst per ASTh C12-82)
Therefore, Load Factor - 1-1

o Backfill above pipe - 10 ft
o Trench/backfill material = clay = 120 lbs/cu ft
o Three-edge bearings strength (3-EBS) for 8" dia standard strength

vitrified clay pipe per ASTh C700-78a = 1,400 lbs/lin ft

o Trench Earth Load (TEL) = dead load a 1,450 lb/lin ft
o Field Supporting Strength (FSS):

FSS - LF X 3-EBS
= 1.1 X 1,400 - 1,540 lbs/lin ft

o Safety Factor (SF):
SF - 1 540 - 1.06

TEL 1,450

o Acceptable Safety Factor per ASTM C12-82 = greater than 1.0, but less
than 1.5

o Safety Factor is acceptable.

i
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Appendix CS-D

Comments and Responses



a 3816768881 D.P. ASSOCIRTES $4/29/88 14837 P.92

Shell Oil Company
c/ HoMim Robens & Own

suite 1600
1 TOO Broadway

0rover. CO 60200

April 22, 1988

Office of the Program Manager
for Rocky Mountain Arsenal
ATTN: AMXRM-PM: Mr. Donald L. Campbell
Building E-4460
Aberdeen Proving Ground, Maryland 21010-5401

Dear Mr. Campbell:

Enclosed herewith are Shell Oil's comments on two Draft Final
Contamination Assessment Reports: Process Water System, Task
No. 10, February 1988, and Chemical Sewer - North Plants and

Chemical Sewer - South Plants, Task No. 10, March 1988.

Sincerely,

C. X. Mahn
Manager
Denver Site Project

RDL:ajg

Enclosure

cc: (w/enclosure)
Oft .ce of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-RP: Mr. Kevin T. Blose, Acting Chief
Aberdeen Proving Ground, Maryland 21010-5401

Office of the Program Manager for Rocky Mountain Arsenal
ATTN: AMXRM-T): Mr. Brian L. Anderson
Commerce City, Colorado 80022-2180
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RESPONSES TO COMMENTS OF
SHELL OIL COMPANY ON

DRAFT FINAL CONTAMINATION ASSESSMENT REPORT
CHEMICAL SEWERS - NORTH PLANTS AND SOUTH PLANTS

Chemical Sewer - North Plants

Comment 1: page 9. 2.0 History.

Reference should be made to the History section in the
Contamination Assessment Report on the North Plants Complex,
Task 42, which contains a more detailed description of major
operations conducted in the North Plants Complex.

The operating period for the manufacture of GB should be noted.

Response: A reference to the history section of the North Plants
Contamination Assessment Report has been added to the text. The
operating period for the manufacture of GB has also been noted.

Comment 2: kAgZl--, last sentence (which carries over to page 12).

A similar study was also performed by Parsons in 1954.

Response: The Parsons document has been reviewed and the pertinent
information has been added to the text.

Comment 3: Page_12, first full paragraph.

In the fourth sentence, the phase "... two orders of magnitude

less than what was being generated in the South Plants
manufacturing area. . ." is irrelevant to this investigation of
the North Plant's chemical sewer and should be deleted.

In the fifth sentence, a description of the chemical composition

of neutralized off-standard batches of agents routed to the 1727
sump should be added.

Response: The compariscn -o the amount of waste generated in South Plants
has been eliminated. In addition, results from this study
regarding waste flows in the South Plants area have been added
to the history section in the South Plants portion of this
report.

The USAEHA report (1965) does not include a description of the
chemical composition of neutralized agents routed to the 1727
sump.
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Comsent 4: a._M, last paragraph.

At best, results of this investigation can only be extrapolated
over the VCP portion of the North Plants chemical sewer. Since
there is no investigation of any kind of the cast iron and steel
sections or within the North Plants proper, the assumption that
the VCP sections represent a worse-case estimate of leakage is
unwarranted.

Response: Investigation of the cast iron collection system (upsteam of
sump 1727) and the pressurized line from the sump to Manhole 5-4
would have been impractical. The sewers study was based on
investigations of "worst-case" pipe conditions. That is, those
sections of the pipe, based on type of construction and historic
information, that were suspected to contain breaks or leaks.
The collection system in the North Plants proper has no
manholes, and therefore hasn't been subject to video and visual
inspections as other parts of the chemical sewer have. With no
knowledge of leaks or breaks, any attempt to locate such a point
on the collection system would have been random and impractical
for this study. The only documented leak in the cast iron
collection system of North Plants is the leakage associated with
repair of the system on the east side of Building 1501 in
approximately 1979 (Mitchell, 1986). Unfortunately, the
location was not identified even imprecisely. Additionally, the
extensive underground process and utility pipelines in this area
limit access to the chemical sewer and could prevent
identification of the sewer as the source of any contamination
found in this area. The only other portion of the chemical
sewer serving North Plants that is suspected to have leaked is
the VCP section. Therefore, this was the section investigated
by the field program.

Limited soil sampling was conducted near the chemical sewer in
North Plants proper as part of the Task 42 Phase I and Phase II
investigations. Two alluvial monitoring wells were installed
directly adjacent to the chemical sewer and another was
installed downgradient to track potential contamination in the
groundwater (Ebasco, 1988b).

The pressure line between the sump 1727 and Manhole 5-4 was
assumed not to have leaked. Leaks and breaks in pressurized
lines become obvious and are easily identified. No records of
broken or leaking pipes have been found for this portion of the
line.

Comment 5: Page 36. 3.3 Follow-on Survey.

Since there has been no investigation of the chemical sewer in
the North Plants proper, how could it be determined in the
Feasibility Study that no additional information is required?
Inspection of the chemical sewer system within North Plants,
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along with some soil sampling, should be scheduled prior to the
design phase. The proposed follow-on work, which only involves
further sampling of the NKE trenches, does not address the
knowledge gap associated with the chemical sev'er system in North
Plants proper.

Response: The volume of potentially contaminated soil for the North Plants
chemical sewer was based on conservative estimates for
contamination that could be associated with the entire chemical
sewer, including the segments in North Plants proper. The
estimates are based on the 'worst-case" extent of contamination
found for the South Plants chemical sewer, a system that is
older, more deteriorated, and used more frequently than the
North Plants system.

The Feasibility Study will use the estimated volume of
potentially contaminated soil to screen potential alternatives
and reduce the number of alternatives requiring detailed
analysis. Following the screening process, if information on
the extent and type of soil contamination associated with the
North Plants chemical sewer is insufficient to perform detailed
analyses of the remaining alternatives, an additional
contamination assessment will be conducted. This assessment
will be focused to collect only those data needed to fully
evaluate the remediation options of choice. The proposed
follow-on work presents a program to collect some of this
additional information. Refinements and additions to this
program can be made after the requirements for the Feasibility
Study are determined. Therefore, data to fill the "knowledge
gap" will be collected if needed to support the cleanup
activities for Rocky Mountain Arsenal.

Comment 6: Page23. 3.

Shell maintains that it is inappropriate to calculate the
estimated volumes of potentially contaminated soil prior to the
determination of preliminary action levels. In this particular
example there is insufficient data to even attempt such a
calculation.

Response: The preliminary estimated volume of potentially contaminated
soil is intended to provide a worst-case scenario only. An
exact determination of the extent of contamination can only be
obtained during remediation activities. Thus, this estimate of
potentially contaminated soil should provide conservative
estimates that are greater than actual values. These estimates
provide a preliminary volume estimate for evaluating potential
remedial alternatives during the Feasibility Study. The need to
refine these estimates will be determined during the Feasibility
Study.

I

Site CS-SP 
189

0097U/0185A
Rev. 9/14/88

----.........•...•-----------------------------------s..n-lt



I
j Chemical Sewer - South Plants

Comment 1: f _ge 1, second paragraph.

In the fifth sentence, hydrazine wastes continued to flow
through the gravity system to Basin F until 1982.

Response: The text has been changed to reflect this exception to the
statement that the Army stopped using the gravity chemical sewer
system in the late 1970s.

Comment 2: Page3, third full sentence.

It should be noted that connections listed in Table CS-SP-1 do
not represent any chronology of events. Different buildings
were connected and unconnected at different times.

Response: The buildings listed in Table CS-SP-1 are ordered by building
number, not by the chronological order of connection or
disconnection. A sentence has been added to the text to clarify
any misunderstandings concerning information presented in this
table.

Comment 3: Table CS-SP-l, page 6.

Activities listed under Buildings 514 and 514A may be reversed.
Also, organo phosphate manufacturing should be listed under
Building 514.

Response: The building descriptions for Buildings 514 and 514A have been
exchanged in Table CS-SP-1. In addition, the description for
Building 514 had been expanded to include the manufacture of
chlordane and "Strauss Hex" (1947 to 1952), and pesticide
production by Shell Chemical Company (1951 to 1981). The
organophosphorous pesticides parathion and vapona are included
in the list of pesticides manufactured in Building 514.

Comment 4: Prage-, last sentence (which ends on page 10).

The Process Water Distribution System draft Phase I
Contamination Assessment Report states that the natural bedrock
high in this area may also contribute to the groundwater mound.

Response: The text has been changed to include the natural bedrock high as
possibly contributing to the groundwater mound in the South
Plants.

Comment 5: tag", last paragraph.

"Because these compounds are representative of the class of
chemicals typically found in the groundwater beneath the South
Plants Manufacturing Complex, their presence in the groundwater
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beneath South Plants does not indicate that the sewer line is
contributing to groundwater contamination."

This paragraph should be either deleted or by itsl should be
inserted between nMa and indicate.

Response: The words "by itself" have been added to the text between the
words "not" and "indicate."

Comment 6: tg"t.--L, second paragraph.

Julius Hyman leased facilities at the RMA in the spring of 1947
as did CF&I. In 1949, Julius Hyman assumed a portion of the
CF&I lease.

Response: The text has been changed and now states that Julius Hyman and
Company leased facilities at the RMA in the spring of 1947 as
did Colorado Fuel and Iron. In 1949 Julius Hyman and Company
assumed a portion of the Colorado Fuel and Iron lease
(RSNO01 F 0875).

Comment 7: Page •4.1942, second 1iaragraph.

Originally, only wastes from the acetylene plant were pumped to
the lime settling basins. Wastes from mustard production flowed
directly to Basin A, and wastes from lewisite manufacture flowed
first to M-1 pits and then to Basin A (RMA, Undated).

Response: The text has been changed to clarify the destination of the
noted waste streams.

Comment 8: Pagae 1k4.942, third paragraph.

Building 331 was also used for M70 burster well renovation which
included electrolyte processes involving chromium containing

Ssolutions. Waste from that operation was carried to sand Creek
Lateral.

Response: According to the building survey conducted by Ebasco under Task
24, the M-70 burster tube renovation in Building 331 didn't

V occur until the last quarter of 1952 (Ebasco, 1988b). The
paragraph referred to in the comment describes the chemical
sewer in 1942, and therefore will not be changed.

Comment 9: PLag 1i- 53i .

In 1953 acid wastes from dichloro production caused the
decomposition of the cement joints (RIAO01 0594). The dichlor
wastes were temporarily run by an open ditch (RIAO02 0498 and
RMA060 1933) to Sand Creek Lateral. Ultimately, the chemical
sewer line was replaced (RLA002 1514).
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Response: The referenced documents have been reviewed and information has
been added to both the 1951 and the 1953 descriptions of
activities.

Comment 10: Page.IS- 1976.

In 1976 a new VCP sewer line from the laundry and lab was
constructed across "D" Street and connected to the original
caustic line that discharged to Basin F.

Response: The text has been changed to include the addition of this line.
Field observations by Ebasco personnnel show that the pipe is

concrete, not VCP.

Comment 11: Page •9. 1980.

The new overhead system was completed in early 1982.

Response: The MKE Interim Report: Phase I of Rocky Mountain Arsenal Sewer
Investigations was consulted to verify this date, but the
information was not found. The text will not be changed unless
a reference is located.

Comment 12: ZAg._.2, first sentence.

Numerous investigations of the chemical sewer system also
occurred in the late 1970's.

Response: The Rocky Mountain Arsenal Information Center catalog was
reviewed to identify relevant studies. Without specific report
titles or source organizations, additional information will not

be added to the chemical sewers report.

Comment 13: frg-., first full paragraph.

Parsons in 1954 also investigated the source, volume and

composition of the industrial wastes generated at the RMA

Response: Information from a 1955 Parsons report has been added to the
text. No other reports by Parsons were found.

Comment 14: P.agJeQ0, Figure CS-SP-61.

This is a VCP, not concrete pipe.

Response: Field observations by Ebasco personnel have determined that this
section of pipe is concrete.

Comment 15: Page 158. Manhole 6-1.

Tetrachloroethane was the solvent used for removing impregnate
from 1943-1964. Tetrachloroethane readily hydrolyzes to
trichloroethanes. The presence of these substances may be

attributable to the laundry.
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Response: As stated in Section 2, History, in 1957 Buildings 314 (the
laundry) and 313 (the lab) were connected to the chemical sewer
by a lateral going east to Manhole W21. It wasn't until 1976
that the Army ran a lateral from these two buildings west to
Manhole 6 in the old chlorine plant area (MKE, 1986). This
included construction of Manholes 6-1, 6-2, 6-3, and 6-4.
Wastes from the laundry didn't flow through Manhole 6-1 until 12
years after the Army had stoped removing the impregnate from
protective clothing with the solvents found beneath Manhole 6-1.

The paragraph under consideration will not be changed. An entry
has been added to the history section to include the changes
made in 1976, as requested in Coement 10.

Comment 16: Plate CS-SP-1

The manholes immediately south and slightly west of the
western-most Section 36 lime basin are not correctly shown.
Only one manhole exists here, and it is believed to be on the
original 30" line to Basin A. The 30" line is shown on the map
as removed, which is incorrect. This line is the only sewer
north of December 7th Avenue that is still in place. MKE has
observed that it is flooded due to its being plugged at its
discharge point by the second li.me basin.

Response: Field investigations by Ebasco have verified the configuration
of the chemical sewers in this area (Gabel, 1987). Plate
CS-SP-1 has not been changed.
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UITED STATES ENVIRONMENTAL PROTECTION AGENCY
S~~REGION VIsuT

999 18th STREET - SUTE 500
DENVER, COLORADO 80202-2405

I Ref: 8HWM-SR

Colonel W. N. Quintrell
Program Manager
AMXRM-EE Department of the Army
U.S. Army Toxic and Hazardous Materials Agency
Building 4460
Aberdeen Proving Ground, Maryland 21010-5401

Re: Rocky Mountain Arsenal, (RMA),
Task 10, Chemical Sewers, North
Plants and South Plants, Draft
Final Phase I Contamination
Assessment Report, February, 1988.

Dear Colonel Quintrell:

j We have reviewed the above referenced report and have the

enclosed comments from our contractor. Our contact on this

i matter is Mr. Connally Mears at (303) 293-1528.

I1 Sincerely yours,

Connlh Mears
EPA Coordinatorj for Rocky Mountain Arsenal Cleanup

Enclosure

cc: Thomas P. Looby, CDH
David Shelton, CDB
Lt. Col. Scott P. Isaacson
Chris Hahn, Shell Oil Company
R. D. Lundahl, Shell Oil Company
Thomas Sick, Department of Justice
David Anderson, Department of Justice
Preston Chiaro, EBASCO
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RESPONSES TO COMMENTS OF
U.S. ENVIRONMENTAL PROTECTION AGENCY ON

DRAFT FINAL CONTAMINATION ASSESSMENT REPORT
CHEIICAL SEWERS - NORTH PLANTS AND SOUTH PLANTS

Comment 1: Zae 9. fiXat sentence and Rage 34. last paragraph.
It is stated that pesticide related compounds probably are not
related to North Plants operations. However, in Trench MKE 22,
aldrin was detected at a concentration of 0.64 ug/g directly
underneath the pipe. This indicates that pesticides may have
exfiltrated from the chemical sewer. We recommend that the
source of these pesticides be investigated during the RNA
Feasibility Study (page 36, first paragraph); for example, the
potential for contamination of soil from a process water source
should be investigated. We also recommend that the maximum
depth of contamination underneath the pipe be determined at this
same time.

Response: Aldrin was detected in one sample collected by MKE but was not
confirmed in samples collected by Ebasco at the same location.
A follow-on investigation has been recommended if the
Feasibility Study determines that additional information on the
presence of potential contamination is needed. The recommended
follow-on work includes additional sampling 1 ft and 5 ft from
the pipe and extending to the water table. Samples collected as
part of the follow-on work will be analyzed for most of the
Phase I analytes, including semivolatile organics, the method
that detects aldrin. If the recommended follow-on work is
undertaken, the extent of potential contamination beneath the
pipe will be redefined and the presence of analytes detected in
the initial sampling program will be verified.
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RESPONSES TO COMMENTS CF
THE COLORADO DEPARTMENT OF HEALTH ON

DRAFT FINAL CONTAMINATION ASSESSMENT REPORT
CHEMICAL SEWERS - NORTH PLANTS AND SOUTH PLANTS

No coments have been received.
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